
- - ^ a 


HAMMER 


MEANWOOD CHXIRCa' CLOCK. 































RUDIMENTAHY T;R|:aTISE^ 



CLOCK AND WATCH MAKING 

WITH i CHAPTEK ON 

CHURCH CLOCKS; 

AND AN ACCOUNT OP THE MOSEEDINGS RESPECTING THE GREAT 
■WESTMINSTER CLOCK. 

0ZSit^ numerous IBra&ings.’ 


uy 

EDMUND BECKETT DENISON, M.A., 

AUTHOE OF TWO PAPERS ON CLOCK ESCAPEMENTS IN THE CAMBIUDOS 
PHILOSOPHICAL TRANSACTIONS. 


LONDON: 


JOHN WEALE, 59, HIGH HOLBOEN. 


1850. 


IIA Ulb., 




CONTENTS. 


PllEFACB. 

Introduction.—On the Measures op Time. 


BKcnoir pAGJt 


1 

Standard of time .... 

7 

2 

Sidereal day. 

S 

3 

Solar day. 

8 

4 

Vaiiation of it. 

9 

5 

Mean day. 

. 10 


Equation of time (table) 

. 11 

6 

Cheap transit instrument 

. 14 

7 

Correction by stars .... 

. 16 

8 

Correction by sun 

. 17 


Cheap sun-dial (drawing) 

. IS 

9 

Dipleidosoope. 

. 20 

11 

Water-clocks. 

. 21 

12 

Sand-clocks . . • . 

. 22 


Chapter I. —On Clocks. 


13 

Definition of a clodc .... 

. 28 

14 

Antient clocks. 

. 24 

15 

Modern turret-clocks .... 

. 25 

16 

Revolving or conical pendulum 

. 27 

17 

Common clock train (drawing) 

. 29 

18 

Numbers of wheel teeth 

. 30 










VI 


CONTENTS. 


SKCTIOy riVGF. 

19 "Weight and faEj pulleys .... 31 

21 Escapemejit (drawing) . - . . .32 

22 Pendulum.35 

28 Cycloidal cheeks^ (drawing) . . . . 33 

24 Isoehronism of pendulum . . . .37 

25 Time of vibration.38 

Centre of oscillation (drawing) . . .40 

26 Suspension of pendulum .... 42 

27 Pendulum springs.43 

29 Ehiife-edge suspension . . . . 45 

30 Priction-wheel suspension (drawing) . . 46 

31 Vertical escapement (drawing) . . .49 

32 Anchor pallets (drawing) .... 51 

33 Dead escapement (drawing) .... 53 

34 Effects of . . . . . . .53 

36 Mathematical results.55 

38 Half-dead escapement . . . . .58 

39 Use of long and heavy pendulums . . 59 

40 Size of pallets.60 

42 Size of scape-wheel.61 

48 Angle of escape.62 

44 Use of jewelled pallets .... 63 

45 Duplex dead escapement (drawing) . . 64 

46 Pin-wheel dead escapement (drawing) . . 65 

47 Mr. Air/s duplex spring escapement . . 67 

48 Remontoire escapements . . . .69 

49 Description of one (drawing) ... 70 

51 Mathematical results . . . .... 73 

54 Mechanical difficulty . ... .77 







CONTEJJTS. 

Vll 

SECTION 

PAGE 

55 

Mr, Bloxam^s escapement (drawing) 

. 79 

57 

Compensation of pendulums 

. 83 

60 

Wood and lead compensation 

. ■ 85 

61 

Mercurial pendulum .... 

. 85 

6a 

Gridiron pendulum .... 

. 86 

63 

Zinc compensation .... 

. 87 

61 

Smeaton^s compensation 

. 88 

65 

Compensation for spring 

. 89 

66 

Mercurial bulb compensation 

. 90 

67 

Lever compensation (drawing) 

. 91 

69 

Iron wire compensation (drawing) 

. 93 

70 

Shape of bob. 

. 95 

71 

Regulation of pendulum 

. 97 

72 

Harrison^s going barrel (drawing) 

99 

73 

Dial work , . . . . 

. 100 

76 

Equation clocks .... 

. 104 

77 

Month and year clocks 

. 105 

78 

Thirty-hour clocks .... 

. 106 

79 

Huygens’s endless chain (drawing) 

. 107 

80 

Spring clocks. 

. 108 

81 

Eusee.. 

. 109 

82 

Eusee stop. 

. 110 

83 

Chain (drawing). 

. Ill 

85 

American clocks. 

. 112 

86 

Three-quarter-length clocks . 

. 113 

87 

New dial work (drawing) 

. 115 

88 

Striking part (drawing) 

. 117 

89 

Looking plate (drawing) 

. 120 

90 

Repeating striking work (drawing) 

. 123 





Vlll 


CONTENTS. 


SECTIOir 

TAGE 

93 

' Strike and silent^ .... 

. 120 

95 

Quarters ...... 

. 127 

97 

Alarums ...... 

. 129 

99 

Watehman^s clock .... 

. 131 

100 

Electrical clocks. . . . ; 

. 132 

104 

Electric telegraph time . ' . 

. 134 

105 

Musical clocks and chimes . 

. 135 

106 

Teeth of wheels (drawing) . 

. 136 

108 

Lantern or box pinions 

. 139 


Chapter II. —On Watches and Chronometers. 


112 

Tertical escapement .... 

. 143 

115 

"Regulation of watches (drawing) . 

. 145 

116 

Lever escapement (drawing) 

. 147 

118 

Horizontal escapement (drawing) . 

. 149 

119 

Duplex escapement (drawing) 

. 151 

120 

Chronometer escapement (drawing) 

. 153 

121 

Ship chronometer (drawing) 

. 155 

122 

Mr. Dentes compass .... 

. 156 

123 

Stop-watch for observations . 

. 157 

124 

Compensation of balance 

. 159 

125 

Compensated balance (drawing) . 

. 161 

126 

Secondary compensation 

. 163 

128 

Mr. DenPs method (drawing) 

. 165 

129 

Mr. Loseby^s mercurial compensation . 

. 165 


Chapter III. —On Church or Turimt Clocks. 

131 Pendiil-om.167 

132 Suspension of (drawing) .... 169 










CONTENTS. 


SECTION 

PAGE 

136 

T'rame. 

. i73 

137 

Pour-wheeled train (drawing) 

. 175 

139 

Tliree-wheeled trains .... 

. 178 

140 

Double frame (drawing) 

. 180 

141 

Jack wheel for winding 

. 181 

142 

Long barrels. 

. 182 

143 

Wire ropes ..... 

. 183 

144 

Double hammer. 

. 184 

145 

Calculation for three-wheeled trains 

. 185 

146 

Striking part for three-wheeled train 

. 186 

147 

Shape of crutch ..... 

. 188 

148 

Spring fork . . . . ’. 

. 189 

149 

Dial and leading-off work 

. 190 


Priotion rollers (drawing) 

. 192 

150 

Adjusting work . 

. 193 

151 

Size of dials ..... 

. 196 

152 

Material of dials .... 

. 199 

153 

Illuminated dials . . ‘ . 

. 200 

155 

Hands. 

. 202 

157 

Maintaining power for winding 

. 204 

158 

Bolt and shutter .... 

■ . 205 

159 

New construction of (drawing) 

. 209 

160 

Mr. Airy^s going barrel (drawing) 

. 211 

161 

Striking part (drawing) 

. 214 

164 

New Striking wheel (drawing) 

. 218 

165 

Loss of power in striking . 

. 221 

167 

Quarters (drawing) .... 

. 224 

168 

Chimes of St. Mary^s^ Cambridge . 

. 225 

169 

Bells. 

. 227 








X 

CONTENTS. 


SECTION 

PAGE 

171 

Time of striking first blow of the hour . 

230 

172 

Eemontoire in train. 

231 

173 

Boyal Exchange dock remoiitoire (drawing) . 

234 

175 

Trench gravity remontoire (drawing) 

236 

176 

Bemontoire with continuous motion 

237 

177 

Spring remontoire, Meanwood clock (drawing) 

239 

178 

Cast iron wheels. 

245 

179 

Gun-metal. 

246 

181 

Painting and oiling. 

248 

182 

Pulleys. 

249 

183 

Case for clock. 

250 

184, 

Provision for weights falling 

251 

185 

Proceedings respecting the great Westminster 



clock .. 

252 

186 

Mr. Air/s conditions. 

257 

187 

Pendulum accelerator .... 

258 

188 

Mr. Air/s report. 

263 

189 

On public clocks in general 

268 

191 

On specifications and tenders for clocks 

269 

192 

Church clocks without dials 

272 

198 

Advice to churchwardens .... 

273 








ElllUTA. 


Page 11, line 

! 5, after for read ihe day before. 
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. . WA , WA 
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9, after that insert on. 

» 169, „ 

5 from bottom, for is the only one, read and the 
Camberwell church clock, also by Mr. Deni, are 
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3, after dial insert and one-ffih of the radius is 
large enough. 

o 324, „ 

4 from end, for required read requisite. 

225, „ 

7, ior peel peal. 

250, 

5, for it read they. 



PREFACE. 


I have several times heeii asked if there was any book on 
clock makingj which, without being encumbered with profes¬ 
sional details, w'ould enable a person liaving a moderate know¬ 
ledge of mechanical principles to understand the construction 
of clocks, and the things which chiefly require attention in 
their making and management. I believe there is no such 
book. Perhaps the articles in some of the Encyclopsedias 
might partly answer the purpose; but they are neither 
accessible to the great majority of readers, nor do they 
contain some information which may be expected in a 
rudimentary treatise, though they do contain interesting 
accounts of some curious inventions, wliich would be out 
of place in a merely practical book such as this professes 
to be. 
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PRKFACJS. 


Oil the subject of diTirdi, or turret, or public clocks 
especially, tliero is abnost a complete absence of literaturo. 
And yet tliis is just the bxandi of the art on wliicli, I am 
sure, fi’cni what I have seen of such clocks, some general 
information is most needed, not only by the public wlio 
have to pay for them, but, I presume to say also, by many 
of the olockmakei's who undertake to construct them. 
Common house clocks, like watches, have become merely an 
artide of commerce j and the only problem is how to make 
them to sell. Astronomical clocks or regulators, on the other 
ftand, ai*e only made by the best makers, and the attention of 
soientifio men, both professional clockmokers and others, has 
been ohieily du-ected to their improvement; and when it is 
stated that a good olook of this kind can be depended on 
ta one or two seconds in a week, it will bo admitted that 
that attention has not been fruitless. But udth church and 
tuiTot clocks the case is quite otlierwise. They have been 
regarded merely as common clocks on a large and coarse 
scale, and it has therefore been almost talcen for granted 
that ono olockraakei could make them as ^vcll as another. 
Wllereas ih fact their largwess and heaviness is just the 
thing that malces them difficult to make well: a cloek, at 
least the time-keeping part of it, hehg the onlg mac/me 
whoaSfSole dnsin^sa is to overcome its own friction ; and there 
ia'''gE^|t6r room for differetioO iii then construction and 
yhlhe than in'any othor'kind of'clboks.', 
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Tlie quantities wifcli wlucli we are concorncd in esti¬ 
mating the effects of escapements and their friction 
upon clock pendulums arc so smallj and the operation 
of friction itself is so entirely cmpiricalj that really good 
clocks can never be made Avitliout such a combination 
of mathematical and practical knowledge as of course 
few clockmakcrs can be expected to possess, I hope 
tliat this treatise may oceaaonally bo serviceable to 
them in this respect; and with tlio view of making it 
more so I have not scrupled, W'hercvor any prac¬ 
tical results depended on it, to put down mathematical 
results in their most general form, although in several 
instances the investigations, .by wliidi very simple results 
are obtained, are too complicated for any attempt even to 
indicate the nature of them in a rudimentary treatise such 
• os this j I refer especidly to the method of calculating the 
distui'baiices of pendulums, given by the present Astronomer 
Boyal in a paper in the ^Cambridge Philosophical Trans¬ 
actions,^ vol. ni., of wMch the substance may bo seen in 
' PralPs Meohanios.^ I may add that it is no detraction 
, from the value of those oidoalationa and the formulas ohtainod 
by them, that they, afford tlie moans of arriving at some 
practical conclusions respecting the capabilities and tlio rela¬ 
tive mciits of the several classes of escapements different-li'om 
those , wliioh Avere stated by Mr. Airy, himself, and which 
I have accordingly not thought it necessary to mention. 
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I have also to express my obligations to two eminent 
clockmakors, Iilr. Dent and iMr. Yulliamy; for miioli prac¬ 
tical information wMcli tliey have readily communicated to 
jno for the purpose of rendering, this little book more valu- 
ablcj botl; to professional and general readers. J must add 
that it is due to, Mr. Dentes enterprise and determination to 
And out the best way of doing everything connected ^dth 
liis art,, that I am able, to state the actual results of 
some experiments (of course expensive in the fli'st instance) 
which he ventured to try at my suggestion. in the two 
church Qloeks I have sovoral times referred to. 

IVom the interest wliioli the subject of tho Groat Clock 
for tlie new Palace at ■Westminster excited in both Houses 
of Parliament three years ogo, as well as from tho many 
questions and observations I have since heard , about it,, 
I believe that tho short accormt wliich I havh giveil of tho 
proceedings respeoting it up to the present time u-ill bo 
acceptable'to many readei’s,' Wlietlicr that clock is ever 
Tcahy to he made is a question which requires some 
Other science than that of ■ horology to predict. Tlio 
governnlent pledged itself to tho undertaking by 
the' cohimidsibh' wliich it gave to Mr. Barry (at liis own 
recbjnmendafiph) sik years ago, aS well as by the repeated 
, as'suraiVoes’-pf the 'pa^ia^^d. present Pirst Lords'of tlic Woods 
aiid iipjorbsls.' th&ii‘''aU'fhe’ fesouroes bf scienco 'wbi‘6 to be 
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employed upon the Great Clook.^ But from the time 
when Lord Jiforpoth gave that answer until noWj nothing 
whatever has been done in the matter. I understand that 
there arc ahvays tiurret clocks oxliibited at the Bronch 
Expositions j and as this is intended, ■v\'e are told, to be the 
best and largest clock in the world, nothing could be a juore 
appropriate subject for exhibition, and for reward if made 
as it ought to be, at the first exposition of manufactui'es for 
the world, than sucli a clock; to say nothing of the real 
want of it ns an accurate public ' regulator,^ accessible to 
everybody in London, cither by sound or sight, 

Porhops I ought to apologise for oooasioiially expressing 
opinions of my ow'u in a manner which may appear unusual 
in treatises of this kind. But sovoral of iho subjects I have 
Imd to treat of are so much more matters of opinion as to 
the balanco of difi’eront advantages, than of demonstration 
or of fact, that the reader \voLild have had much greater 
reason to complain, if I had merely stated just as much as 
is ascertained, without giving him niiy assistance on more 
doubtful matters j and of coiuso I cannot pretend to think 
that, if I am qualifted to ■write a treatise on clock-making at 
aU, my opinion on such matters is not worth stating. 

I hope especially that the suggestions I have offered for 
the assistance of churchwardens and others who want public 
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clocks, may occasionally canso a good cloclc, instead of a bad 
one, to bo obtained for tlie money they have to spend. If 
tbo book effects tins, or any other of the objects I have 
referred to, I shall be satisfied tliat my friend Colonel Heidis 
reoommondfltion to tlie publisher, of this addition to the 
series originally suggested by liim when Governor of Bar- 
badoes, has not been misidaccd. 


B. B. D. 


42, Queen Anue Street, Tjondon: 
1, Jan., 1860. 



INTRODUCTION: 


ON THE MEAS^iiRES OE TIME. 


1. BiiFOUB^^^e oxEimine the construction of instruments 
to mensiu'o timo^ it wiU be ss well to unclorstand cleni'ly 
what it is that we want to measure. 

A rod of a certain length is called a yard; and is our 
standard of length j but it might just as well have been 
any othei* length. There is no such thing as a natural 
yard, which we arc quite sure whenever we meet udth it is 
the thing we call a yard, and ndth which m intend our 
standard to agree. It is purely arbitrary, like a pound or 
a gallon, And it is not everybody who knows that if alP 
our yard-wands and other measures were hiu’iit, they could 
only be restored by the recpUoction that they bore a.QQj,’^U; 
proportion, only expressible in,a long number of figures,'to' 
the length of a pendulum that'will vibrato a certain num^ 
ber of times, in a oeitain latitude, and at ;a certain.: tempera^'. 
ture, during one revolution of> tlie'OaVthv' -> ■, , ' M''' 
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This revolution of the earth upon its axis is the only 
natural measure or standard of our time. But it is not 
rvliat is commonly called a Bay, which is generally understood 
to be the time between two successive noons or midnights. 
But even this is not tlie day of twenty-four hour’s by the 
oloclc, consisting of so many minutes and seconds. Let us 
see then what a day really is, 

%. If you fix a telescope on an axis, so that it can only 
move in the north and south plane, and ohsei’vo the time of 
any filled star passing the middle of the telescope, that is 
the meridiftn of the twice; that time is the exact: 
period of the earth^s actual revolution, without referenoo 
to the sun or any other body, and is what wo call a sidereal 
and is always tlie some j and this kind of day, with 
its subdivisions of sidereal hours and minutes, is used for 
inany astronomical purposes, and occasionally for correcting 
tlie artificial time shown by ordinary clocks. 

3. But if the telescope (wliich when so mounted i:^ 

' called a transit instrument) is directed to the sun, instead 

^ 'Tilts is not strictly true, for sidereal time .is really mcnsmxd 
from the' transit ■ over the meridian of n certain imaginary point or 
, line, wbiolx is the intersection of the equator and the ecliptic, and is- 
;■ called the first point of Aries y : and this , point has a very .slow 
, amounting to’ 60 " in a' year'} •whloh, the reader may bo 

.^ -TiSBhldoai'Isiid^Tery'differcnt'thirig'from'SO’se^^^ of time, being In 
^'''laot:'.afidhalent to seoQ^^^ 

k ■ ■ ' ' ' 
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of a star, it will bo found that the sun takes 3m. 66‘65B4)S. 
of sidoreal time longer, on the average, to pass a second 
time tlian a star docs. Tiie reason is tliat the earth has 
been moving in its orbit in the same dh’ection as it turns 
upon its axis, and therefore, before the same place on the 
earth can again look full at the sun, or have the sun on its 
meridian, the earth must turn rather more than once round. 
The time of tins passage of the sun is called a &olar day, 
and it is evident that in the year there must be one less 
solar day than there ai'e sidereal. 

4i, I said the solar day was longer than the sidereal by 
dm. 66^8. 0 % ih average. IFor it will be found on aoouiate 
observation that this diffei’enoe is variable. About the lOtli 
of February, the 14)th of May, the &0th of July, and the 
and of November, the difference between a solar day and a 
sidereal one -will be very nearly constant for several days j 
but in the middle of Apiil and June it will vary from day 
to day about 11 seconds; and at the beginning of Septem¬ 
ber and at Cliristmas, as much as SO and 80 seconds j and 
in February and November these variations have accumu¬ 
lated tQ so much tlmt the sun appears to be on the aboye- 
mentioned day in February 14 minutes too slow, aud in 
November 16 minutes too fast; aud about one-tliird as 
much respectively in Jiily and May. Tliis variation in the. 
length of the solar day is cjyised by th6 elliptiojil form' of 
the oortWs orbit, However ih a treatise pn clooksi we are 
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only concerned with the fnct, not the explanation of it, f*'* 
which astronomical books mnst be consulted. 

6. Since the sidereal day does not suit onr ido«« of 
and night corresponding to light and darknesHj nud 
solar day is of variable length, a third kind of ai‘tilit.’in! 
uniform day has become necessary, now that all the tiiiu- 
the world is'measuredby clocks instead of sun-dials, 'I'hf t\rt^ 
which is so used is thatwliiohis always the 8m. 5ll'5r»r»i«' 
of sidereal time longer than a sidercfd dayj ami 
artificial day is called a mean solar da^, or more slniriiy^ 
a mean day t and the time shown by clocks is ncpordiiigU 
called mown imie,* And tlie difference between metm 
and' the time shown by a sun-dial or any other solar iM* 
sti'ument is called the eqtiation of time, whioli ns wo Im*'* 
seen is sometimes as much as fourteen and 
mimitesi The equation of time is not quite the same f*** 
the same day, in any two successive years, on account of tl« i 
leap-years, but it differs so litUe that a table to the ncmrcfsiSi 
^ebnd for every day in the year ISBO, will be sufileioriil ftaJ 
all' ordinary purposes, and I have accordingly given a Udili# 
over'the'next leaf, that it may all appear at one 
af-the' time which oughito be shown l?y the olook when till 

Mean ^ 

qopimon.;Ci.r .oipd day is, tlie Mowing nooft, lUad oM fiMj 

A.!^., Mayi''^'omlteokoy^‘''i8, lu'‘i\atWiooto£®^ 
rbdkohihg/'Siih. Aprfi'SO.V'.i''''' 
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sun is on the meridian, which is a very convenient; form of 
the table for common usd, it saves nil cnlculnlion. In 
using the table to examine the going of a clock between any 
two days before and after a &9th of February, you must use 
• the correction given in the table for the latter of ilio two 
given days. 

I take this opportunity of inserting n short table of the 
difforonoo between Greomvich time and tlic local time of ii 
few considerable places 


8T.OW. 

U. 8. 

i»A8T. 

M. H. 

Btvminglmm. 

7 83 


. 0 28 

Choslor. 

11 82 


. 0 82 

DiiUhi . 

25 22 


. 6 10 


12 43 


. 6 12 

Exeter . 

14 18 


. 0 


17 


0 

IMl.... 

1 8 


. . 0 


G 4 


. fl p.i 

liivQrnnol. 

11 68 

Romo .. . 

. 40 B4 


0 


. as fljt 


0 24 


. 121 1 

Oxford .. 

6 


. ns 40 

Eortgmoutli.... 

. 4 24 

Vraalcfort:...,.1, 

I'l.t... ' 84 

York .:.. 

4 24’ 



' St. James’s, Piccadilly .. 

82 

0caova 

...M... 24 87' 





























TABLE EOE TIE 

Showing tlie Time which a Clock should indicate wlicn the Su 


Day of 
Monlb 

Janvart. 

Fbdruart. 

Marco. 

April. 

May. 

JUNII. 


31. IT. 

s. 

11. M. 

s. 

It. M. S. 

It. 

Ji. 

s. 

JI. M. 

s, 

It. 

M. 

9. 

1 

0 8 

SI 

0 13 

64 

0 12 30 

0 

3 

50 

11 60 

57 

11 

67 

25 

2 

4 

19 

14 

1 

12 24 


3 

41 

50 

60 


67 

34 

8 

4 

47 

14 

8 

12 12 


3 

23 

50 

48 


67 

44 

4 

6 

14 

14 

14 

11 58 


8 

6 

60 

80 


67 

64 

5 

6 

41 

14 

10 

11 45 


2 

47 

58 

80 


68 

4 

D 

6 

8 

14 

23 

11 31 


2 

29 

60 

25 


58 

14 

7 

6 

84 

14 

20 

11 10 


2 

12 

50 

21 


58 

26 

8 

7 

0 

14 

29 

11 2 


1 

65 

60 

17 


58 

86 

M 

7 

26 

14 

31 

10 40 


1 

38 

60 

18 


68 

48 

m 

7 

60 

14 

82 

10 81 


I 

22 

50 

10 


59 

0 

11 

8 

18 

14 

82 

10 16 


1 

5 

60 

8 


69 

12 

12 

8 

87 

14 

82 

0 50 


0 

40 

60 

7 


60 

24 

18 

0 

0 

14 

81 

S 42 


0 

84 

6(1 

6 


00 

80 

14 

0 

22 

14 

20 

9 20 


0 

16 

60 

6 


BO 

40 

IB 

9 

44 

14 

28 

0 0 


0 

8 

60 

6 

0 

0 

1 

m 

10 

6 

14 

23 

8, 52 

11 

50 

48 

50 

5 


0 

14 

n 

10 

2a 

14 

18 

8 84 


59 

34 

50 

7 


0 

27 

18 

10 

44 

14 

13 

8 • 10' 


60 

20 

60 

8 


0 

40 


11 

8 

14 

8 

7 50 


69 

0 

50 

10 


0 

58 


11 

21 

14 

2 

7 41 


58 

53 

60 

18 


1 

6 

21 

11 

38 

13 

56 

7 22 


58 

40 

60 

10 


1 

10 

22 

11 

54 

13 

47 

7 4 


58 

28 

60 

20 


1 

82 

23 

12 

10 

13 

89 
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EQUATION OE TIME: 

is on the meridinn, for every D&y in the Year 1860. (Sei § 6.) 
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0. Thci'o ia hoM’cvor iin on«y iucUukI of (paling tliu going 
of a clouk from aii-lcrcal obsorviitionsj wiihaut any rcforpuce 
to fcho e(j[uatiou of time, Any pcraon of onliimry untlei'aland- 
ing anil doxlcrity may construct a (■I'anait insLriiinynl, 
Bufllciontly exact for tliis purjHiap, out of ii vertical slit 
or mark in a fixed window, and tlie. edge of a cliiiniiey, 
provided it is upriglit, and tlin alit an placed as to bn in the 
meridian of tlio eliiiniiey edge. Jlut it will naturally be 
asked bow ia tlin alit to lie niado in tlu' mnridiaii. l’’or 
cliiinncy astronomy the follou’iiig method will be HuJUcitmily 
accurate. Pix upon a vertical edge of a chimney on the 
south of some window. Detormino ilrst of all, liy seeing 
whore tho shadow of tlio sun falls at solar noon, or (here¬ 
abouts, Avliioli pane will l)o the proper one for tho jiurpoae, 
and get tlio cloolc sot as nearly ns you can to tlio riglit time, 
either by ti'aditdoii iVom somo person udio poascasca tlio (.ruo 
time, or from an aoonrato sun dial, l^^nd in any abnanao 
wliioh gives suoh things the time of or passing of 

the meridian, of any knomi star or planot whioli happens to bo 
visible al; a convenient time (alioudng for your longitude, 
if any, from areonwioh). ‘When tho clock near the 
time at wliioli tho star ought to bo on tho moridimv sbnid 
by tlio udivdow with a sheet of tin made exactly |!OQtangular 
aiiil oapablo of sHcliug along the pane, resting bar of 
the lyiiidow (supposing it, to bo horizontal). 'WlKCfn the 
olook is oxaoli^ at fcho time Of Southing of .tho you 
must place the tin so tliftt you just sod the!p].an6t ,past the 
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edge of tlie cliimney and of the tinj and there the tin mnst 
be fixed, or the gloaa marked and painted up to the 
mark. 

If the edge of the chimney was its western edge, the 
planet will emerge from behind the chimney; and then, if 
the glass is painted on the western side of the vertical mark, 
by putting youi' eye nearly in n line with the mark and the 
chiranoy edge, you can enclose as fine a line of light as you 
please between the edge of the paint on the west side of the 
meiidian and the body of the cliimney on cast side, or vice 
vmd j and that fine line of light is the line which stars hnvo 
to pass when they pass tlio meridian. Before the mark 
is finally fixed, the operation ought to be performed several 
times, as there is sure to be some loss of time at the first 
trial ill getting the tin to the proper place. You must 
observe the time of transit by listening to the number of 
seconds from the time when you looked at the clock. 

Now when you liave got this meridian lino, even if it is 
not porfeptly exact it will do very well to try the rate of the 
clock by, though not to t(^ the absolute, sidereal time, 
unless it is cither quite exact or you can learn how much it' 
is wrong. To try the rate of tlie block, observe the time of 
any well known star passing yoiuf meridian ; : and go and 
observe it again at, the end of ojio bf more sidereal' days. 
Your clock ought to be behind its; foriner, time,, at the 
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rate of 8m. 65'9093s. of raeaix time for evoiy sidereal day 
between the two observations. 

7. Still we want to know how to ascertain the actual 
mean time from a sidereal observation. Now 0 or 
0 ^ clock by the sidereal clock of any place is, as was stated 
in the note to p. 8, the time of the imaginary point T* 
passing the meridian of Oiat place. And from this poinh 
the fight asce^imiv, or distance' along tho ejjuator (corres¬ 
ponding to terrestrial longitude) of all celestial bodies is 
measured; and it is generally expi*ossed in almanacs in- 
sidereal hours and minutes. Therefore in fact the 11. A* 
of any star, given in the almanac, is tho sidereal time n't 
whioh it passes our meridian, since T was on tho meridian. 
when the sidereal time was 0. But tlio mean lime was 0 
when the mean sun was on the meridian; therefore tho 
B, A. of tho mean sun substractod fi-om the B. A. of tho 
star (with twenty-four hours added if necessary) is tho 
number of sidereal hours, &o. that have elapsed from meaix 
hobn to the time of transit of the star j and this number 
of sidereal hours, &c. may be converted into mean ones by 
multiplying thorn by *9972^7, the ratio of a sidereal to a. 
tmean day ; or if you substraot 9‘83 secoiids from every 
sidereal hour and 1 second from every 6■! minutes, it will 
give you the .time wliich ought to "he -shown by tile inoart 
olodk at tlietrahsit.bf the stof. "In spmd.fdblah^ By A. 

* One that rejoices in the singnlar name 'of Zadkiol; is EipbomcriB 
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of the mean sun at noon is given for every day under llio 
licad of sidereal time merely. If the U. A. of the real sun 
only is given; tliat of the mean sun is found by merely sub¬ 
tracting the equation of time wlicu the clock is behind the 
sun, and adding it 'wheu the clock is before tlio sun. 

8. The more obvious way however of finding the error 
of a dock is to observe tlic time wlieii the Sun passes the 
mei'id-ian j and if the lime then shown by the clock does not 
correspond with tlio equation of time, the clock is so much 
ivrong. The sun is too large to bo observed directly like a 
star at the moment of passing; but it may be observed by 
the some method as I liave described for a star, if the times 
of its western edge first ap])cniing and the otlier edge diS" 
appearing bo observed (with the help of smoked or coloui'ed 
glass, or a fog), and the bisection of them taken for tho 
time of noon. Tarious kinds of meridian sun dials may be 
used, and no others enu be very accurate on account of tho 
refraction, nor can they be so easily made. If a narrow 
vertical slit is made in any tliin plate facing protly nearly 
south, the bright line tliat comes tliroiigh it from tho sun 
will always fall in the same, place at noon on any surface 
Avliich is level in the east aiidi. weat direction, and it etth, bo. 

gives it, for the specii^l purpose'dfSaidng its.consultors the trouble df 
adding or subtraotiug tho {jqnal^(|A';oJ time, ,It may of ,cidui’86',bb aaodl, 
for horological pmposcs WithouV'tlie'''fi6c<}ssit/ 'Of '%dlioi^'^"fe 'the' 
more abstruse'soiciicc for the benefit of whioh It is publisUodv 
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observed with great accuracy. It may be convenient to 
describe how a meridian mark,of tliis kind may be made 
^vithout any extraneous assistance. 


Make a small hole in a thin plate of painted tin or 
brass, set facing the south in a window-frame or other 
convenient place. Place a piece of slate or a smooth board 
quite level against the plate, and about 9 iuohes below tire 
hole. I say quite level, because it is easier to make it level 
in every direotion than to find out in the first instance wliioh 
is tli 0 east and west direction. Put after the meridian is 
found, the board-may^ be sloped up towards the south, and 
thei shadOM? ^i€i'rho'oleairor: and sharper tlian if it is level. 
■Mdr'ooyM, thb bright sluidow of the hole will bo clearer if 
bent so as to be parallel to the eartVs axis j if 
it makes an , Angle of about 46* with tlie vertical it will do. 



IVom A the hole in the 
plate drop a perpendi¬ 
cular A 0 upon the 
board, and make a mark 
at 0. At a little after 
ll "o^clook on a fine 
day, bbsorVb where tho 
iniage of the Sun falls 
6u tile 'bbatd,, aiid iharfc 
■'the' „piaco, of.oeptre 


and'idraw la? c3rdb oh the'hoard with radius 0 Sj. 
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Observe the place of the bright spot at two other times before 
noonj and mark them S>, Bj, and draw cii-cles for them in 
like manner. Then, if the last observation was at llh. 45m., 
go again a little before l&k; 15m., and watch for the pas¬ 
sage of the spot over, the first circle, and make the place 
whore the centre crosses it s„ and do the same 'Nvith the 
other circles.^ Bisect the three aies S, s,, Sj s,, S, s,, and 
if you can draw a straight line through all the bisections 
and the point 0, that lino B 0 is the meridian lino on 
which the image of the sun will always fall at solai* noon, 
and the passage of the spot can be observed nearly to a 
second. Tins therefore with the equation-table will give 
the means of correcting a clock on any fine day. Before 
the line is- atrongl'y marked if will be as well to try it both 
in summer and at the distance of tlmce or four months, 
Tliis apparatus is so easily made, and so useful when it is 
made, that every clockmakcr who has not the means of 
obtaining the time from an observatory ought to liavo one, 
for it is no use having clocks unless you can continually 
recur to what maybe called tU datum line, from which they 
arc to measure, viz., moan noon. There- are many large 
to^^ls in which there arc litemliy no moans of recovering 
tlio true time when-it is- 'M ekeept by sending somewhere 
else to fetch it, ah’d'i^erc'-aife'Wy few 'people \rim'''mo- ^b^^ 
to take'if acouratcily when it.- ‘ • 

■0. There is'besides-i'bf 
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whick anybody can make, a very 'bcantiM little instramont. 
invented a few years ago by J. M. Bloxam, Esq., of 
Lincoln's Inn, called tlie di^l^oseqpe, from wliich, when U 
is \once accurately Jimel, ike time of solar noon can bo 
observed witli even greater accuracy, on account of the 
inca’cased sharpness of iho images which it produces, as well 
fts thoir passing with conadoi-able veboity. *, 

It presents two bright images of the snn, wliiob 
approach eacli other, and exactly coincide at noon; and 
thus two observations of noon are obtained, viz., the ilmo 
of first oontaot and of final separation, the bisection of 
which gives the time of noon, mid tlie time of complolo oo- 
incidenoo. , It is of no use to describe tho construotioii of 
the instrument, as few persons could make it, even if they 
could legally do soj Mr. Bloxam has transferred tho patent 
to Mr. Bent, who makes them, and from whom also Mr. 
Bloxam^s pamphlet on the principles and construction ol' 
the cliplcidoscope may be had, os well as tho annual equa¬ 
tion table, which is for this year that given a fow pages 
back, to the nearest second. 

, 10.,1 Imye no intention of inquiring into tho liistory 
of the various instruments that havc^een used for horo- 
Ibgical purposes; Sun-dial8> iit least for noon, could not 
fail toy'be very early used)’’.from tlio obvious fact that tho 
shadow of any-yertiqpl bodyjolways fahs inJho, s^e ipla^ at 
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tlic time "wlien tlio length oC the shadow was least in. every 
day; and it would be easily observed that the intervals were 
very nearly equal. The sun-dial of Ahaz null occur to 
every one. But probably much more accurate astronomical 
observations than any that can be made with a sun-dial 
had been made long before that time by the Chaldeans^ for 
without accurate measures of time astronomical observations 
can hardly be supposed to exist. 

11. Bverybody has heard of the, clepsydras, or watcr- 
clocka of the ancients. If n vessel of water is kept full by 
a stream running through it, and a hole is made near the 
bottom, the water, will run out of the hole and fill any 
otlior vessel ,at an uniform rate j and this other vessel may 
have its sides graduated, or carry a floating index pointing 
at a gi’aduated plate divided into hours, and oven minutes, 
if the index rises fast enough to distinguish ilicm. 'Whon 
the index gets to the top it might be contrived so as to 
open a valve and let. the water out, and itself go to the 
bottom again and shut the valve; and if this was made 
to take place every twelve hours it would mnko a aolf- 
aoting clock, requiring no assistance except from the stream; 
If, on the other hand, a given vessel is lllled and gradu¬ 
ated according to rate at which tho water flows out, 
■which is not uniform, hut varies as tho square root of tlio 
height above tho hole at which, it stands, this also uill 
serve for a olqok until the vessel is empty. 
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IS. Smid mmiing out of a liolo at iho bottom 
of a vossel l\owover runs M’ith very nearly uniform 
volooityj for on account of tho friction between the 
partiolcsj wliioli tlooa not exist in a iluicb tho sand 
only falls out, and is not pressed out, hy virtue of 
the same principle which cnaldes sand to atop np a deep 
blasting hole, ainoo no amount of pressuro can jjush a 
considerable thicknesa of sand through a lube n-ithout 
bursting it. I havo seen no account of an index fixed to 
an hour-glass, that is to a sand-glass j but ono migbt be 
made on (die plan of thoso toys in wMoU sand runs iut,o 
a sintdl bucket, wTiitjlt turns over when it ia full, moving 
some flguto of ft man ot ftnimal wliilr it, Tliis might bo 
inafloto trtlco place at every minute or other interval, and 
might inovo a olook-liand accordingly, Binco tho iiivoulion 
of'clocks clopSydras liavo boon made ns curiosities, probably 
muoli more perfect thaii any that existed boforo. 'Hut Ibcse 
things how belong rathor to tho department of * philosophy 
in sport,' tlian; ^soionco in earnest,' and a doseription of 
tli^ would bo out of plaeo in a practical treatise on clock- 
making, 
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CLOCK ATN^D WATCH MAKING. 


ClIAFXER 1. 

OK CLOCKS. 

18. A clock has somctiiaos been dofiuod to bo tv ma¬ 
chine for counting the vibrations of a pendulum, and so it is } 
but this is hardly a correct definition^ for it implies firstly, 
that the clock has notliing to do but to count the vibrations, 
■whereas it has also .to maintain them,' as a pendulum wiE 
not go on,long swinging by itself j eecondly, that tlic clock 
does not alter the time of vibrationf>w)^Qhiit.docs;, and tliirdly, 
that a pendulum.or somo;otheij.j^b^i^i(^.^^hody is essential 
to a clock; -wWoh it is not-p 'f 0 r^pl^^ilft:;,i^.hOtually made on 
the principle of having - the th(^, movements 

determined by a revolving fly, eifehorj'v^'itlt .'foTis,to which the 
air offers , a resistand^, or with a heavy ' idm'> whoso ' own 
mojfimt of merlAa prevents it from moving: too rapidly. 
A more oorreot definition would be^ that i olo'dk or a watch 
iS: 'a machine consisting of e feaih wheels turned by a 
weight, a spring) tir any bthermotwdy 'eon^tarit .forGOi and of 
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whicli tlio velocity is regulated by attaching to it a pen- 
diilum^ balance, or fly ■wheel, which always vibrates or re¬ 
volves nearly in the same time. And the only distinction 
(except the arbitrary one of mere size) between a clock and 
a watcli is, that a watch will go in any position, but a clock 
only in oiie. 

14'. The invention of cloaks 'with wheels is ascribed to 
Pacilicus, Archdeacon of ‘Verona, in the ninth century. 
Clocks (without water) are said to have been set up in 
churches towards the end of the twelfth century j and there 
is a story of a clock being erected in 'Westminster Hall 
in 1295, out of a line levied on a lord chief justice; and 
near the same time a clock is said to liave been put up 
in Canterbury Cathedral, and one in Wells Cathedral in 
1826. Mention is also made of a clock, apparently of 
some new construction, invented by Pobert Wallingfoi’cl, 
Abbot of St. ALbans; in 1326, and wliioh ■a'as going in 
Henry the‘VllltVs time. Prom these and other notices it 
seems pretty clear,, that, though the earliest clock of which 
the actual construction happens to have been preserved, "was 
that made by Heniyde'W’ick for Charles the Ych, in 1879, 
yet he is not tp be looked upon, as the inventor of them. 
Acoordiiig to the description given of that clock, it differed 
in nothing, except iii having a liorizontal.balance instead of 
a pendulum, from Jhlmy old ohuicli clocks still irr oxistenoo, 
being merely aithirty hour dock wi^dhe hand; an'd the- 
striking part was, exactly’the £»me los is still: used: in fact 
in,iBome respects it exhibited a more advanced .State of mo'- 
ohanioalart: than the dockv(I do notknb-w.df what date) not 
only in exi,stenoe; ,ibut ,iniiaQtion, in Peterborough ^Cathedral; 
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wbioli lias a wooden frame instead of an iron one, and 
instead of being wonnd up by a k<^ or winch, is wound up 
by long handles or apilces stuck into tlio barrels. It has 
however a pendulum. TIio going part of the clock has 
indeed lately been superseded by a modcmi onoj wliich 
is far less creditable to the mechanical sldll of the time at 
wliich it w^as made than the old one, especially considering 
tliat it has no dial to work, a circmnstance which affords 
unusual facilities for a good clock. The old strilcmg part 
still does the striking on a bell of considei'ablo sizo. 

16. From, these old church clocks havo descended all 
the modern race of smaller clocks and watches, wliich have 
arrived at a degree of perfection which seems truly won¬ 
derful, when it is considered that, though there is no 
such thing in nature as a pcrfectiy isooluonoua pendulum 
(one which vibrates different arcs in the same time), and no 
such thing as a train of wheels with perfectly uniform action, 
yet pendulums can be kept vibrating with no gi’cator devia* 
tioii from isochronism than one beat in half a million. In 
the mean time the church clocks thomsolvos have descended, 
in the hands of all but a few rankers, into little better tliaii 
ironmongery; and many of them display the grossest ig¬ 
norance, not only of; horologicoli hut of the commonest 
ineohonioal principles. JPOTliaps the, most strildug instance 
of, neglect of horological principles is the prnotico, of which 
Mr. ’Vulhamy in his ‘■Considerations on Public Clocks^' 
gives several instances, of putting fans or wings to the’ 
penduluin): I suppose, for tlio purpose of proventing it 
from occasionally; swinging .so. &r os to drive the pallets 
into the scape wheel under the Muence of sUoh a weight 
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as was fouud necessary to catry the train througli all the 
occasional impediments arising from bad ontting of the 
wheels^ dirtj the force of the ■wind upon the hands, and all 
kinds of meclmtlical defects. It is remarkable that, until 
lately, the I’rench have been, much in advance of us in this 
largest kind of horological engineering, and have spent 
much larger sums upon tlicir public clocks. Mr. Yulliamy 
montioM no less than foui' in Paris, which appear each to 
have cost about £1000, exclusive of some other expensive 
appendages, such as enamelled dials, and the bells. There 
is not a clock in England wluch has cost anything near 
that sum, oxolusive of clumes and other appendages, which 
do not strictly belong to the clock. Tire estimates for the 
Great Clock for the New Palace at "Westminstor indeed 
oxoeed that amount; but tlxat is to be a perfectly unique 
speoimen, combiuiug unusual size and unusual provisions 
to secure acoui'aoy of 'performance,' as the olock making 
phrase is. • . 

Of late, however, an improved stylo of turret-clock 
making has been introduced by some of the best makers. 
And since the erection of the clock at the Eoyal Exchange, 
wiiioli contains several contrivances never before used, there 
oan .be no doubt that, if we choose to pay for it—and less 
than , half the cost of the^ above-mentioned Eronoli clocks 
is sufficient for all but the.largest clooks-irwe can have largO' 
elocka madejustias well’ as-small onos.t The present.as-^ 
trdnomer royal (who i ,certainly cannot: be Acoused of undue 
partiahty to jus 'Own’'eountryihen ..in mattera of: ’soionoe) ha^ 
said tdiaibo has ho d6ubt:that..the'Exohahge'Clookds 'tli(5 
best public clock in tllc iWorld,'; and tbatihe; ' ’believes ii* 
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superior to most nslronomiotil clooks in tlm stoiicliness of its 
ratc.^* .Of coni'se this degree of accuracy cannot be ex¬ 
pected in any but the very best clocks] but by merely 
attending to a few simple considerations they may certainly 
be inadc; and without any great addition to their cost, to 
approacli to the accuracy of all but the most highly finished 
astronomical clooks or fCgulalorS) instead of being, as they 
frequently arc, merely the public exponents of the time of tlie 
best clock which the man who ^ looks after themMiappens 
to possess, or of the nearest railway station clock, which is 
probably a small spring-clock that cost £5, and is set; 
right vdien it gets ns mucli as five minutes wong. 

16. It is evident that a fly, eithci- with fans or weights, 
M’ould, if the resistance of the air and the friction of the 
machinery were uniform, produce a constant velocity in a 
train of wheels turned by a weight hanging by a stiing 
imwoimd from the axis of the first wheel in the train. Ono 
would imagine therefore that this would bo tlie earliest form 
of a clock, as it is tlie most simplo, and a fau-fly was 
notually used in De WioVs clock, as it still is, to regulate 
the velocity of the sticking part. ''Wliether this was so or 
not, we have no means of knowing ] but it is worth noticing 
tUbt that construction, or a slight modification of il;, is 
actually in use now. 4'he clock which is used to keep the 
great equatoreal telescope at Oambridgo in motioii opposite 
to the motion-of the earth, so'that it may remain for some 
time pointed to a given star, and not move by jumps,as it 
would if drivonAby a clock with a vibrating pendulum or 

'* Pariiameatary Papers roapeoting the Great Clock for the New 
IPalaoe.' "• '■ ' •• •' ' 
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balance, is legulatod by a governor, like that of a steam 
engine; n'liich is also called a comcal pmchihm, because 
the rod of each ball describes a cone as it revolves. As 
the force of the train inoreoacs the velocity of the balls 
they fly farther out, which increases their moment of 
inertia or resistance to motion, and may also be made to 
apply an increasing friction by means of a spring to some 
part of tile dock, and so restrain the increasing velocity, 
as the governor of a steam engine regulates the supply of 
steam to the cylinder. Such pendulums have not yet been 
made to approach the accuracy of a vibrating pendulum 
•with an escapement, being much more alTocted by any 
variation in the force of tlie clock. The time of one 
revolution of such a pendulum in a circle ('wluoh it cannot 
always be persuaded to describe) is the same as that of a 
double oscillation of a vibrating pendulum whoso length is 
equal to the height of .the point of susponsion of the 
revolving pendulum above!'the piano of the oiiolo in wliioh : 
the ball revolves; which will of course vary as the force 
■that drives the pendulum varies. ■ There are other practical 
difficulties in their use; aud it appears to ma that uniform 
oontinuous motion of a train that has heavy and therefore 
variable work to do is more likely to be obtained by the ; 
method ; wliioh, I shall describe under the head of irem 
fmonto^ea '(176); than by any contrivance for regulating ' 
the motioh of a conied pendulum by friction. . , 

' 17> Most people kn6w..that' a dock consists of a train , ' 
()£;,wlieds, generally'Wy of" which the.lowestj if it is an,' 
eightvday dpbkj tum^' round in about twdvo hours, or, 
f6qiiheS;fourieen turns to wind it up^for tho 'wookl and the 
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highest tui'ns in a minute. The two intermediate wheels 
ore merely required to carry off tlie difference of velocity 
between the two extreme ones and to work the hands. 
The lower of tliese two intermediate wheels is usually made 
to turn once in a hour, so that tho long or minute hand 
may be set upon its axis or atbor produced as far as tho 
face of the clock j and the second wheel has nothing to do 
but to reduce the multipliOT of sixty, or the ratio of tho 
velocity of the liighest to that of the oenke %i}Jieel, as tho 
one which carries the long hand is usually called, It may 
be convenient to give a sketch of the cojnmon arrangement 
of the going part of a clock, mth tiro different parts maikcd, 
from wliioh their action \vill bo pretty evident. 

18. Tho string is ooiled 
sixteen times round tho 
barrel when tho clock is 
■woundup, Tho barrel axis 
or arbor has a square ond 
to fit the winding key, and 
when you turn it to tho 
right the ratohett teeth, of 
which three' or 1 four are 
sliown in the drawing, raise 
tlie oUck which is fixed.io’ 
the great wheel and kqjt 
pressing against the ratoh- 
ott by a spring j but when 
yoh stop hdnding, theratoli- 
ett teotk oaiinot jiass tho. 
other way,-'and so tlie-weight acts upoii tho wheel, tending 
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to Uirn it to tlie left, '.I'lio gi'cnt wlici'l liaa UHiuilly 
iiiiii0l.y-8ix tecllij niul it drivoa tlio litllo wluad pinion 
of llio centre wheelj w]\icU liaa night tenth or huivt-x, and 
therefore goes twolvo times us fust ns Ihc Kr<‘iit ndinnl. 
The coiitro wheel drives the pinion of Iho second \vlu;n.l, 
wliich drives iho soape w/kjcI, and iludr teeth and Iciwnii 
may he divided in niiywnyj bo tliat if /;, he the )iumhor 
of leaves of the scape wheel pinion, Pg of tin' second wheel 
pinion, and /!, nnd /g tho nnnilier of the teeth that drive 

ihomroapcctively,^^■■-inay“00. '.L’lio only oonditiona to 
' Pi 

ho observed are, that no driven ])inion ought to have less 
than sovon leaves at the lowest (exoepL of a kind which ,l 
shall mention hereafter) j and that if tho tooth of both 
'\Vhcel8 iu*o of the same size, tho centre v'hool must have 
'iTioi ‘0 than, or at least ns many as tho second, or they 
jooidd not bo got into the Ci’ame togothor. Suppose oitlior 
oi pg to have sovon loaves and tho other oiglit, thou 
tg must == 00 X 66j and those two niunbevs (JO and 5(1 
>yiU do for tho tooth of thoao two wheels as well as any 
jother munbei's giving tho same product. 

I 10, ’With regard to tho weight, tho reader will observe 
jthat it bangs by n double lino, or a single moveable pulley, 
jtho uipeot of whioli is that ordy half the weiglit really aots 
jiipod tbe eloQlcj buli .thon the string is upon tho wlioio 
fjouljle i/hd IdltgliU bf' the actual fall of tho, weight, and 
^idteforo the effodt of .jfilto, weight ,is just tho.iflamo if it wore 
himgi'bSi ,dno stiflngi und had, same M,;.; in wldoli oasts 
lihd fcol woidd of odurs^ only half tlm sizo; or 

the- unmbw of teeth in tho wheel doubled, oj tlw number 
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of leaves in the centre ivlieel pinion' halved. ' In com¬ 
parisons of clocks one sometimes sees calculations of what 
tlio weiglit is equivalent to 'on the single lino/ or what 
is worse, a mere statement of the weight without any in¬ 
formation as to its fall, wliich is just as. necessai'y an 
ingredient in the comparison. It does not signify (except 
as regards the friction of the pulleys, wliich cannot he re¬ 
duced to calculation) what the weight on the single .lino is, 
or whether there is one lino or a dozen; a given weight 
falling a given height is equivalent to itself, and to nothing 
else, except another weight falling a height as much greater 
or loss as the weight is less or greater. Therefore in every 
possible, ease if you want to see liow much of the 'first 
power ^ of the clock is wasted in the friction of the train 
and pulleys, or how much a given escapement requires, you 
have noiliijig to do but to remove the pallets and fix to 
the soape wheel or its arbor an arm of any length that is 
convenient, and hang small weights to the end of it, till 
you find what weight the clock will just decidedly lift, 
the {U'lu being horizontal, The arm should have a coim- 
torpofse and be as light as possible, so that its oivn weight 
may not enter [into the question or add much to the frfotion 
of the scape wheeh pivots. Now if you know the fall of 
tlio clook weight for eight, days^ you know it for one day, 
and one minute, or,one revolution of the scape,wheel, 
whatever it may be, or any ,aliquot:part pf that revolution j 
and if you know the length of your .measuring'rod you 
know that its end would move tlirough a spacp, 
tipies .the length of the, ro^ in one tevplutfoa s „or^ vdthont 
fjiat- palpttlation, y^uvJiiay %?,u,spapp '>vhoel tli^ouj^h 
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one-eiglith or one-tentli of a revolution, and measure liow 
much the little weight rises therein. Suppose this rise is 
hi and the correspondbg foil of tho great weight a} 
then, the great weight v) oi^ht to be to tho little weight m 
as b: a» It ■svill in fact always bb a great deal more, and 
tlio amount of the excess otwa over nb\n different cIocIcb 
shows the comparative loss of power in thch trains, 

'20. And again for the converse of tho experiment as 
regards the escapement (of which I shall treat presently) 
when you know what tho momentum of the clock weight 
really amounts to by tho time it reaches the scape wheel, 
you know how much of it is consumed in diiving the 
trnini, and how much goes to drive tho pendulum, These 
proportions will be found very different in different olooksi 
But it is time we should proceed to explain what that im¬ 
portant partbf a clock called the escapement is. 

■ . r, t . ■ 

1 .. , : .. ESCAPEMENT, 

Ah 'Beca^emeiit is a contrivance by which tho 
teeth' of a Wheel/ commohiy called the scape wheel, are 
successively leV^go und stc4>pedl at ^oe^ain sliott ihtervals of 
time. IhfaU'the 'Coinmdh kinds of ’escap6melifcS'the!re are 
twei pieces’Of steel b^ed tO 'afi'lft^s whioh 

vibrates,; sb’Hhat ''as' dhe‘'p6llet moves 'oht of’ tile waiy‘of the 
ieetb/ the 'dth^,.'^ thb l^pace'' betiyeeh^ sCnlo two 

teeth) and'8(i:'(stbp8'the'wh^'^-\Cfohsb^uelltli^^^ 
hhh, at"'sdbe ttie;^%lieel to clear 

bbtii' pallet,'thbfe Ml^t'f^^^ aS- in' one 

ffeyblntion'^aS' ' es- 

, dapebeht'-miiSt' fidV'sbiriethi^.-;^ be 'pf 
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suoli a shape that as the teeth escape they shall give a push 
to the paUotS; and tins push is corniumiicated to the vi¬ 
brating axisj and to tlio pendulum or balance, wliioh is 
attached, to it, A balance is simply a fly wheel, and wag 
no doubt first called a balance, because in the earliest clocks 
it. was in the form of a balance. and not of a >Yheol, con¬ 
sisting of two arms set upon a vortical axis and caiTying 
weights hung at the ends of the arms. This was the form 
of the halanco of Do Wick^s clock; afterwards the weights, 
instead of being hung on to the arms, wore screwed on, so 
that their distance from the axis could be adjusted more 
aoou'ratoly, The escapement was exactly the same as that of 
a bottle-jack, or dho commonest kind of watch, and is called 
escapement. The pallets are two flat pieces of 
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steel j)j^, set on to a verticiil axis, in planes about at riglit 
angles to eaoli otlier. Intliis drawing tlie highest tooth of 
the wheel (wJiicb is from its shape called a crown wheel) 
is represented as just escaping and coining forward (or 
towards the reader) j the lowest tooth then strikes against 
the lower pallet, which stops itj and not only stops it, 
but, as the vibration of the balance in that direction cannot 
be suddenly stopped, the pallet advances a little further 
Jonvards, and so brings the wheel back a little, and produces 
wlmt is called the recoil, which is, in a less degi'ee, com- 
immicated to the rest of the wheels, and ultimately to the 
weight which drives them. It is evident that .each tooth 
as it escapes gives a push or impulse to the pallet wliioh 
piesente a sloping face to the direction of the tooth; and 
so the time of a vibration in this clock’ depended upon the 
force of the impulse rdalively to the moment of inertia of 
the wheel, except that a greater force would cause it to 
make larger vibrations. Tlie effect of such an cscapo- 
meut as tliis may be judged of by taking the peudulmn off 
a common clock, leaving the crutch on, ahd observing the 
cliifereuce between tlie time the.liands will take to make iv 
revolution when thfl’i w.dglit iS' in its original state and 
when it! is added to, In a bottle jack the piece of moat 
and the icon wheel which is generally hung t6'the jack 
togetlief form tlie ib^aiice^ 3)Ke, ja^ is dfiY@iv !%ia spring 
instead of :^woight,i;of,;rbl)&^6|Lv6^ithe joint 
dimiuis|i,ef’las 'tlie^iaiDig^Tnij^'/i^o^^^^! The;:flp‘ci.gbVwheel of 
the yertic'll' number 

, of .teethy,!dr one 
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• PENDULUM. 

2-2-. Clocks remainod with, balances it seems for about 
300 years after Do WieVs time. And tliero was a great 
dispute as to the first inventor of clock pendulums,- It is 
usually staled that tbe famous Galileo discovered (as be 
supposed) from observing tbo swinging of a lamp bung 
from, the top of a cliurcli, tliat pendulums oscillate 
tlirougli different arcs in tbo. same time; a property 
wiiiob is called tbe isochronism of tbo pendulum. It 
is said, bowevor, in tbo able and interesting article on 
clocks in tbe JSncyolo^adia. Britanniea (last edition), that 
tlus cannot be reckoned among tbe discoveries of Gali¬ 
leo, ‘ for tbe ancient astronomers of tbe East employed, pen- 
dulruns in measuring tbe times of tbeb observations, 
patiently counting tbeb vibrations during tbo phases of an 
oolipse or tbe transit of tbe stars, and renewing tbcin by a 
little push with tbe finger wben.tbey languished: and Gas- 
sendi, Uiccioli, and others in more rccont, times followed 
their cxmnple/ 

It is not indeed stricUy truo that pendulums do vibrato 
different arcs in tbe same time j but it is tiuo, that so long 
as tbe ares do. not exceed a few degrees, tbe oscillations are 
very nearly isoolironous. And, therefore, if a pendulum can 
be kept swinging nearly tbe same small arc, its oscillations 
ynH b^ so nearly isoolironous, that tbo difl’oronco will 
not be sensible 9 xcept in a considerable tirtfe. Tliis .dis- 
.ooyery would naturally lead to tbe application of the pendu¬ 
lum, to .clocks t: and as is usual in such cases, tbo invention 
wag iiyo^aljly made independently by several persons about 
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tliB same time. And in favour of the claim of Harris, the 
clockmaker, wlio is said to have made a pendulum clock for 
St» I’aul^s, Covent Garden, in 1621, several years before 
Br. Hooke, Huygens, or Galileo's son, who all claimed tlio 
invention, it may bo remarked, that if, either by accident or 
design, he placed a cloclc with the axis of the balance liori- 
zontal instead of vertical, and left one of the aims ■without 
its Weight, liO'Wonld sec tliat hd had made a clock with a 
pendulum, of wluoh tiro isochronism was probably by that 
time goilerally' known,' and ho would naturally adopt it 
immediately. ' i, 

33. But tfrhoover was the inventor of pendulum clocks, 
there is no doubt that Huygens was the discoverer of tbo 
true theory of tho pendulum j and though his api)lioation of 
the tlieory to praotioo is* now abandoned, yet'a^ all'pendu¬ 
lum calculations' depend uponit/ it is fropfer to give a short 
explanation of it. He discovered that the oUi^otin which a 
body must move so as to osoUlate large ttn'd'smtill axes in 
the 'same time is not a wole 'but'’a‘‘oyoloid; -Winch is 
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cut in two at its lowest point 1, and tlie two halves put 
together as in tliis flgm'e, 01? being placed in the position 
A-'B, and B 3? in the position A C, then the end of a string 
A P of the same length as AB will, as it imvmds from A B 
and winds on to A 0, redescribe the original oyoloid B P1' 0. 
This is expressed mathematically by saying that both the in¬ 
volute and the evolute of a cycloid is an cpal cycloid. Con¬ 
sequently if a weight or bol were hung on to tho end of tho 
string AP, it would be a pendulum swinging between tho 
(^cloidal olieeks A B, A 0, and describing the cycloid B P P 0 j 
and such a pendulum would make largo and small oscilla¬ 
tions in the same time, or would bo perfectly isoohronoua. 
Nevoith^ess it is founc! tliat tlio impossibility of malting tho 
oheoks soiaoouiatoly as to causo tho pondulum to vibrato in 
a truQ.oyoloid; as well as other causes, all apparently insigiii- 
lioant, so much distuibs-the isoohiomsm of such a pondulum, 
tliat it is more isoolironous, 6V6n up to arcs of 6® Or 7®, with¬ 
out the cycloidal cheeks than with them.' 

S4i. It will now be evident why pendulums swinging in a 
circle in small arcs are nearly isochronous, and more so tho 
smaller the arcs arej for if you.deaonbo a circle wth tho 
radius'AP, it will very nearly coincide with the cycloid for 
a short distance near P, the lowest point of the cycloid, l)ut 
will deviate farther from it tho farther you, go from P j but 
the smallest arc in tho circle really takes more time to 
oscillate , than the largest in the cycloid. Tho difference 
between the time of any small arc of tho cii-ole and tliat 
, of any jp:c of the oyoloid varies nearly as the square of tlu 
idroular arc, or of the angle wliich it .represents j and ngnii 
the difference, between the times of any two small and nearly 
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equal circular arcs varies as the arc itself j that is, if a clock 
pendulum is s\vinging 4° from zero, and from, some cause 
tlie arc is diminished 6' or 10', the clock will gain twice as 
much as if it had only been singing %° when the same 
diminution took place; which is just the opposite of what 
•ATould probably have been guessed. Tliis is called the 
circular error, and if a is the arc, and da the decrease of it, 
the gain of the clock in the day (supposing it to have a 
seconds pendnlum) is 10800 ada = rather more than 1 
•second, if = 2° or '036 (the radius being unity) and 
da = 10'. 

26, It is well known that a two seconds pendulum is 
four times as long as a one second pendulum: that is to 
say, the time of vibration of a pendulum varies as the 
square root of its length, But this does not toll us whot 
the actual lengtlr of a seconds pendulum must be. Lot 
I be tins lengfcli, and i the time of one oscillation measui'ed 
in seconds j w the ratio of the circumference of a circle 
to its diameter, or 8 •1416 j g the force of gravity, wliioh 
is expressed by the number of feet per second, or the 
velocity with wliioh a body is falling at the end of one 
second, or twice the height that it falls in a second j then 
-j. In England g = 2>%'% feetj and therefore the 
length of a simple pendulum to vibrate in one second of 
mean time must be 89.*14 inches nearly.'- And in like 
manner the pendulum to vibrate sidereal 'seboilds'must bo 
30'*14x 997^==:S8'*87 inches (§ 7)), Linay ihehtiou hoi’o 
that a clock with a pendulum fbr moan time, may be inado 
'to' show sidereal, time (thbulgh it "will hot imrnk, sidefedl 
seconds) ’’on another''dirtl,. by 'the' addifidh'bf ;^QUf Wheols 
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and two arbors as follows. Put a wheel of SdiT teeth on 
the centre-wliecl arbor of tlio doclc, and let it drive a 
wheel of 331 teeth on an arbor wliicli also carries a whcol 
of 43; and if that drives one of 82, this last wheel 
will servo for the centre wheel to carry the ininntc hand 
of the sidereal dial; as it will turn slower than the other 
centre-whed in the ratio of sidereal to mean time within 
a fraction of no more tlian -r^ of a second in a day.* 

I spoke just now of a %mple pendulum. A simple 
][^>endiilmn is, what can only exist in -theory, viz., one 
in which the rod has no weight and the bob consists 
only of a single heavy point. The weight of this point 
or oob is of no consequence iu tiro theory of tho simple 
pendulum, thougli it is, as wc shall see, of great con¬ 
sequence in practice in resisting the various disturbances 
to whioh a pendulum is subject. Every real pendulum 
liowever (which in mathemaUes h called a compoimd pen¬ 
dulum) is equivalent to some imaginary simple pendulum; 
and tho thinner the rod is, and the heavier tho bob, the 
more nearly the real pendulum will approach in length to 
a simple one of tho same length, measured from tho poiut 
of suspension to tho cbntro of the bob. When tho rod 
and the bob are of any regular sliapo, as they generally are 
in docks, it is not very difficult to find by calculation tho 
length of the equivalent simple pendulum, or the distance 
■from the axis of suspension to a point in tho real pon- 
■ dulum' which would be tho bob of tho simple pendulum if 
the whole mass wore collected tliero. This poiut is called 

Tlipsc numbers are taken from tho Pbiloaoplilcol Magnainu for 
Eeh assp.' ; 
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tho oenUe of omlla^o%* But it is not like the centre 
of gravity, a fixed and indqjendeut point, for there is a 
different centre of oscillation for every different centre of 
suspension. It cannot ho explained how the centre of 
oscillation is found without reference to nnotlier imaginary 
quantity colled the vaSm (f gyration. If M is the whole 
mass of a body revolving or oscillating about any axis, 
mid h is the radius of gyration about that axis, then 
the. Sum of all the elemOnts w of the body each multiplied 
into tlie square of its distancer fi^om the axis,,wliioh may be 

rntpiessed as ,S(wr^)j aud tlierefore ^ ® This 

sum can only be found by means of the integral ca.lculu8 
in every particular case. But there is tliis curious property 
in revolving bodies j that if we have once found the radius 
of gyration belonging to an axis tlirough the centre of 
gravity, then, tlie k belonging to any parallel axis at the 
distance /; from tho fomer one is given by this equation 
k*= h\-\- h^. Suppose tlxen that we know what k\ is 
for a body of any shape of wliioh a vertical section in a 

plane perpendicular to 
the ams of suspension is 
A B 01) revolving, round 
its centre of gravity Q, 
and we^ make it revolve 
or oscillate about, a now 
axis;through and. we 
iWt^it ^ to know what is 
the ieh^h Js 6 pf tlie 
‘Bquivdhht 'simple J)en- 
duluih j it inay 'b'e proved 
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that ao = ^i+|2 and aO=SO —= 

li^om this wo may see dso that if "vve draw two circles 
round G, one with the radius S G and tho other with radius 
0 G, we may put tho axis of siwpension anj^vhere in either of 
the two circles and still tho body will oscillate in the same 
time. Perhaps therefore tho raMm of oscillation would 
he a more correct term than the cenke of oscillation, 
Now since SG = ^ it is evident tlmt tho nearer tho axis 
of suspension is to the cmitxc of gravity, tho farther tlie 
corresponding centre of oscillation will hoj and this is 
tlio reason why a small and delicate scale-beam will 
oscillate as slowly as a pendulum many feet longj and it 
also suggests a mode in wliich a pendulum might he made 
to .oseiUato very slowly in a small compass. If we make a 
pendulum with two hobs, one above and one below tho 
axis of suspension, or take a wheel ivith a heavy rim and 
suspend it on an axis a littlo out of its centre, it may 
vibrate two or more seconds in no greater space than a ono 
second pendulum; but such a pendulum iviH not ho so 
effectual in resisting tho disturbances of tho escapement as 
a long pendulum uf the same wdglit, wliich is what wo 
want a pendulum to do, 

In all clock pendulums the effect of the weight of tlio 
rod is to tlirow tho centre of' osoiUation a little above the 
centre of gravity of the bob, though below that of tho 
Vfhole pendulum; and by a few trials of tho bob at different 
bights the pendulum can be mode to vibrato in tho proper 
time ly^dthput, the teoublo.of actual onloulatipn. Now on 
Ipckb^giUt/the diamng.of thp oydoid, it is easy to see that 
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iliG.centre of suspension of aieal (i.e. not a simple) pen¬ 
dulum swinging between cydoicM cheeks is continually 
olianging, and therefore the radius of oscillation is con¬ 
tinually changing, and deviating from the length required 
to describe the cycloidtd arc. In other words a real pen¬ 
dulum swinging in cydoidal dieeks is not equivalorit to a 
simple pendulum, swinging in a cycloid, and therefore is 
not isoclironous. 

SUSPENSION OP PENDULUM. 

26. Pendulums are now almost always suspended by 
a short and tliin spring-instead of an axis, because thoy 
then swing without any friction; and thoy axe connected 
tvitli the axis or a/rhot carrying the pallets by a forh or 
mdohi wliicli is -a light rod or arm coming down from the 
pallet arbor as if it was int&ided to be the pendulum, 
but ending in a fork which embraces the ponduliun 
rod.’ closely but not so. tightly as to prevent the rod 
from sliding within it;- so that the pendulum and the 
Crutch move togotluar, and the pallet arbor vibrates 
as if the peiiduLmh were ■ hung directly to it in the 
old way. It is to he observed, -that as the spring does not 
admit of being bent suddenly like a string, but assumes 
■a curved fdrin as the pendnltun swings; its effect approaches 
to; that of‘the cycloidal ohee^. It has accordingly boon 
attempted to Wake the .^ring of -such a! forin ahd strength 
■as to render, the vibrations 'of' the pendvdoiU ispohronons-; 
hut .without success;. eixd it'^ds T6f 'WUbli; more'consoquenoe 
to find the-Spring which reqiiuea'^■lehstpossible ihaiiitnirii- 
lug force’to: keep Up.'a ^YfeU'^ouui-of i'^bratioft^of thb 
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jienclulTMii; •fflncli is pvobably as thin a spring ns is safe for 
tlio weight of the penduluin. 

I am aware that some experiments have been published, , 
and referred to in the artido on clock-making, among the 
‘ manufactures/ in tho Bne^clojpeedia Metropolitanai from 
whlchit would appear tliataspring’008 of an inch thick af¬ 
fected the vibrations of a pendulum of 141bs.wcight loss than 
any other spring of the same Icngtli and width, either thicker' 
or thinner, I must say I should have had some difficulty in 
believing that there was not some mistake in such a result, 
from the thinner springs having ^t what is called a set in 
fixing them (wliich is vray likely to happen ivith very thin 
ones) or some other cause, oven if 1 had not been told also 
that similar experiments have been made by other pei'Sons\vitli 
the different and more probable result, that the tliiniier the 
spring, without limit, theless it affects the pendulum. . And 
os springs cannot be used with safety of such tliinnoss 
in. proportion to the weight of the pendulum as that above 
mentioned, we may in any case adopt tho practical conclusion 
that the tliinner tho spring is tho less it will affect the pen¬ 
dulum j that is, tho less its rate wiU differ from a peuduhun 
hanging from an axis of infinitely smidl tlucknoss, 

&7. It is of great importarioe that tho real point of 
suspension of the pendulum', that is , the top of the spring 
where ithogiiis to' heud, should bo kept , firmly in tho same 
place; for if it moves it will increase the time of vibration, 
.rinco tills is evidently the same thing; as, if the fixed or rotd. 
point .of suspension was a little higher up, or tho pendulum 
80 ,muoh longer, /For this reason, in tho best clocks, tho 
which'carries the pendulum is,a .strong piece of brass, 
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or in large clocks a cast-iron feame, firmly fixed to the wall 
at the back of the clock. In order that the pendulmn may 
hang so that the spring wiii have no tendency to t^vist it as 
it swings, the top of the spring is pinched or '' chpped^ 
between two thick pieces of b:^s or iron called cJio^s, and 
firmly screwed there j and these chops have square ends 
exactly at right angles to a line down the middle of the 
spring. A little way bdow the toj) of the chops, ai\d 
exactly in the middle, a strong steel pin is put through 
them and the spring between them, at right angles to the 
plane of the spring, and this pin has shoulders, so that 
its tliin ends beyond the shoulders will just drop iato two 
nicks or Vs in the sides of. the cook with the shoulders 
resting against the sides;. It is evident that the effect of 
this ■wfil be that the weight of the pendulum will cause the 
square.ends of the,chops,, and therefore the top of the 
spring, to be horizontal j and so, if the pendulum is made 
symmetrically,, as of, coursedt oiiight to he, it will vibrate in 
a vertical planb at right langles .to.the Hhe wluch is the top 
of the spring, mthout any tendency to twist. 

! : '38i. The two Vs should • be imade as neaiOy level as 
possible, and the clock' frane must be, so placed that the 
pallet arbor is exactly angles^to the plane bf .motion 

of the peudiilu^n.' It will' be ^easily ;s'een if it, is not,, because 
then the pendulum^iwill sliHd' backwards ,'aiid forwards in the 
•fork 'by^'VMoh;iit .'ia- conncotedr*with 5/the;:'paUet^ In the 
chapter‘biJlchiijfpK' olbok^'.rIliave^^i/en,a;idr’awing which will 
-'Shb-wthei^Uspeiisibn cfh|fp^idnmr ''^luiCcmm 
ihbth'hbiise'^d 

.ftahie^'aud: hafsirpi'^bly ■& ?^t^ri 41 ^-intb';!wbiohrfiihe' ispring :flts, 
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having a piece of brass rivetted on to the top to keep it 
from dropping tlu'ough the slit. And tliis slit is very often 
made so crooked^ or ohHque to the axis of the pallets^ tliat 
there is considerable friction of the pendulum sliding in the ' 
fork j and the cock is generally made so slight, and the 
dock itsoK so loosely fixed to the clock case, that the motion 
of the pendulum may bo plainly felt if you put your finger 
on the clock. 

A 

raiB) EDaEs. 

29. Occasional mention may he scon in books of 
pendulums vibrating for several hours on Inife ccl^es, that is 
on a suspension much like that of a scale beam, Such 
a suspension is the best for experiments to ascertain the 
undisturbed time of vibration due to gravity oiiiyf excluding 
the dastioity of a spring'; but it is not to be' infen-cd that 
it Tvill answer in practice fpr a permanent, pendulum of the 
proper weight for a clock j for even if the knil'e edges and 
the planes on which they stand are made, of tho hardest 
■stones, it is foxmd that they soon sulTor from the severe 
piessnio, and introduce an amount of hiotiou wliioh is fatal 
•to the accuracy of tho pendulum. 





8,0, A suspension on,friction wheels has also been tried, 
■but :generdly without success, the pendulum pivots always 
riweariug a hoUbw in the,wheels; and then of course they 

■ ceased to toU, and produced an amount of fiiciion wluoh 

■ was fatal to the proper action of the pendulum, , Mr. Yul- 
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lUmn to riiriy 
h ntluluet ' 


liamy, liowevex, states in the papers respecting tlio West* 
minster cloclc, that the pendulum o£ the clock at the Post- 
olRca, wWoh weighs 4! cwfc., has been going ever since it was 
put up upon friotion toUcts j tliat is to say, upon so mucli 
of an entire friction wheel as is re{piiied for the small angle 
tlirough which the pendulum vibrates. The arrangement is 

shown in this drawing. 
The hearing faces of 
these portions of fric¬ 
tion wheels aro not in¬ 
deed made sensibly oir- 
cular, but are'flat pieces 
of very hai’d Bf;O 0 lj villi 
certain provisions for ae- 
cui’ing to the pivots a 
flat bearing which it is 
not necessary to des¬ 
cribe j but as the radius 
of. the pivots is only 
l-lSOth of that of the 
friction wheels, v’Moh 
are ^ft. 6im long, mid 
the rollers only movo 
through an angle less 
than, 1'bn eaoivsife the versed sine or measure 

bf themjivatrire’ib^^^ friiotioii wh^el Ibi*' that angle is too 
:8m£dl aquahllty ib b'b bxpi^^ of logarithms of 

'8eYeh'%itres^; un'd 'therbfoie' for^' idl’.praptical purposes' the 
'bearings 1arb;'the.'s'airie'' ^ 4%';they were ^oylihdriearpbftioiis 
. oHnriVe'^ifriote'Aeel^^^ i’!'’-V''''' ' 
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Mr. "VuUiamy tells me that from the ■weight having 
hoen thrown almost entirely upon the pair of rollers nearest 
to the ])Qndulmn, and the faces having been allo-wed to get 
dirtyj it has been necessary to rcpolisli them oneo lately. I 
should be inclined however to make the pivots rather 
thicker than ‘4 inch diameter for a very heavy pendulum * 
and the rollers should be placed nearer together, because 
the fartlicr they are off the greater the pressure is upon 
them, ill the inverse ratio of the cosine of half the angle 
included between them. It happens that for 60°, the angle 
at which they stand in the l^osi-offloo clock, they have to 
boar just l-4th more preasuro than the actual weight of 
the pendulum. They would act at any angle anfoly above 
that to which the pe'udnlum swings t 80® between them 
would give them a sufliciently wide slnde for a firm bearing 
and, add hardly anything to the proasm'O; and would also 
rcdiioo the tondonoy which friction wheels always have to 
tM'ist the pivots. The pivots here are not indeed common 
projecting pivots, which would bo too weak, but a hard 
-piece o£ turned steel bedded into a strong beam, to which 
the pendulum is hung, and to another part of ivliioh the 
pallets are fixed. 

. The advantages of this method are, that there is no 
necessity for any compensation.of the spring; which how* 
^ver, as'Will ho exidained under 'compensation of pendu¬ 
lums,^ requires only a small addition (though of rather unccr- 
;tain amount) to the ordinary compensation required for the 
.ej^pansioii of the rod. The risk of a spring breaking is too 
rare ah accident to be worth enumerating as an advantage of 
tiiis .suspension 5 - and it can bo repaired in an liour when i(^ 
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does happen. The principal advantage of it probably 
is that it enables the pallets to be put on the arbor 
■wliioh carries the pendulum, or in other words dispenses 
with a crutch, and therefore prevents tho loss of foi'co 
■which must always (though to a small extent) toko plac® 
in the transmission of the impulse thi'ougli the crutch, both 
by the friction and tho shake in its pivot holes 5 and >V 0 
shall see that everything that diminishes this force, nxid 
therefore requires a stronger pressure on the pallets, 
creases the chances of ei-ror in tho going of the clock. ' 
No doubt even the small amount of rolling friofcioB 
in tins suspension would destroy the motion of n 
pondyliim sooner than :a spring: but tho proper ootH' 
parison-to Lmake 18 .between a common pendulum witl 
a spring' and i crutch, and this \vithout a crutch. ? 
have. no. means of staging the result of such a com' 
parison, •.either as to this .point or the performance of tlii 
same: clock' .wth the two difl^^ pendulums, whioli 
should r.equh'e to be tried- before, I would undertake M 
recommend such a suspension. ■ Mr. Yulliamy howevor tedl 
me that;the Post-offloe ipendnlum was kept vibrating 218 ^ 

with'hnly a Wght of 80 lbs. falling at the rate of 47 fee 
in thC 'S 'days (the dial-work being unattached) j wliioli i 
au.uuuau^y sman weight and. foil,for a. Vge clock; aii| 
I must / srly (with the’reservation ;ju 8 t now made) tliq 
I tlunk;, tln^ fact; is,^ more importance toward 

dptermii^g,, the^ aptual ,;iiipri^ than tli 

astronpl^et royel's' irfei^i^ej.'in.i;h^ repori.i upon [the plai]| 
for i|he '^estimnstef*fa|i 'beoauso li 
i^knoSysi-th^Mt wpld^ i^'a-V^iiop ipr a yertio^rforcc 
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magnetometer:’ on wliicli it is very obvious to remark 
that knife edges arc the only things that answer for a 
balance, and yet they invariably fail under the continued 
pressure of a heavy pendulum. I need hardly say that this 
suspension must be very expensive, and would require the 
greatest care in properly constructing and adjusting. 

31, Long after pendulums were invented, tlie vertical 
escapement continued to be used, in the form in wliicli 
I- have suggesteil that Harris may have invented pendnluin 
clocksj and such clocks are still in existence. The arrange¬ 
ment is that shown in this drawing, a second crown wheel 
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being iiaed in order to keep the arbors of all the wheels 
except the scape wheel horizontal. A wheel of tliis kind 
is sometimes called a conMe wheel; and its teeth and those 
of the pinion wMch it drives ought properly to be of the 
shape required by two conical or bevelled wlieels of the re¬ 
spective sizes of the wheel and piiuon. In practice, how¬ 
ever, the pinion being smell is made oylindiical as usual, 
and the. teeth of the eontrate wheel being thin, they work 
together sufficiently well for the work in which they are 
employed, such as vortical watches. Clocks with ttiis 
etscapement however have been quite superseded by tho 
invention of 

; : AlifOHO'R PALLETS, 

8&,, Tlieso are said to have been invented either by Dr. 
Hooke,, one'of the moat scientific men, and probably the 
greatest invehtor of the 17th century, or by Clements, a 
London clbokmaker. bo at,, once understood £i*om 

this drawing ivhat they ard. {See iiewt The bottle- 

jack or''VertibaP pallets; being close tp their axis of vibra¬ 
tion,; required the pendulum to. move through a largo aro 
in order to dear the teeih of the scape wheel; and besides 
what we have seen of the disadvantages of large arcs, they 
require a; ^larger maintaining power than'small ones, In 
this drawing'a tooth, a is represented as' having just esoapied 
from the pallei A, and a tooth b on the opposite side of the 
■wheeldias', dropped pn to^.thefpaliet'B, ipho pendulum will 
mi howbver;8t6ph(ne, but't^-.ad^ a little further to 
the left,;,a(nd S 9 ttie; slope of-^e pallet B will^ drive, the tooth 
b bac|, again .a little, add ••.prpduee'tlie^ whiph may bo 
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observed very plainly 
in any common hoiiso 
dook -vvitli n seconds 
baud, The sloped 
face of the pallets 
causes the teeth to 
give them an impulse 
in escaping, so as to 
nmintam the motion 
of the poudulmn. 
This kind of escape¬ 
ment is much the 
most common, and 
will probably never bo 
superseded, ns it is 
sufftoiently ncourato 
for ordinary pui'posos, 
and is very easy to 
inake, since no par¬ 
ticular form is requi¬ 
red for the pallets. 



Their acting faces are generally made flat; but they are 
bettor convex, as in the drawing, as there is then less recoil 
and less wearing of the pallets by tho points of the teeth. 
Strange as it 'Seems that brass teotli should wear holes in 


steel made as hard as it can be tempered, it will always bo 
found that the teeth have worn holes in these pallets ol'tor 
a few years, and the hole will be deepest towards tho end. of 
the place which the tooth reaches. It is eviclont that the 
tendency to make this hole will be less if the pallet is con- 
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tUilii if it is flat j and accbcdihgly in tlio best clocks of 
tl)is Qdnsti'ttction tl\IVpaUeta are'so and care should 

f^lsp bo,; lalceh that they axe so placed tliat tho recoil and 
tiio drop may be equal from Qacli j^llot. The recoil escape-, 
inoiit is now abandoned in hll tho best clocks,, thongli it 
oiipe’ had oohsiderable pefsbina as its advocates^ who appear 
misled by observing t^t it keeps tho pendulum 
tp'tlie same •'‘ 0 ;e more than'tho d^" t^capement docs, and 
f)l(.ci(de inferring that more nearly to the 

.whereas it is both by experiment 



, .’nevcrtholoss lose j tim 
—r-'-r-:- more than eiiougli to 

error of tho 
case with a waicli 




88^ The .63^ used in nearly all 

astronomical clocks, and tn all good turret clocks is cnllcd 
the (lead, escapement; aiid was invented by a cloclc** 
maker of the name of Graham .in Iho -last century, A 
recoil escapement would be converted'into a dead cscaiic- 
ment by. ipakmg^'tbe slope of;each pallet' stop at iJio 
points A- and B. wlxefe: the^teeth falh and making the rest, 
,of the pallets AD and BE,portions, of h circle whoso centT<&, 
is 'G tho axis of thepaUet?.- iPbrin'tliat case, however far tlife 
pendulum, may awi)ig,,no recdil.-can.tslcb plaqe, . :The reason;^ 
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why this escapc- 
Tiicnt is so much 
better than the 
recoil cscaiiemeut 
isj tlmt a variation 
in the force of the 
clock train pro¬ 
duces hardly any 
effect upon the 
time of oscillation 
of tlio pendulum, 
thoughiiproduoos 
a ooiisidorablo of- 
foofc upon tlio ox- 
toiit of its oscil¬ 
lation. 

84’. This may 
bo shown in a ge¬ 
neral way as fol¬ 
lows. Let G be 
the angle which the pendulum rod makes with the 
vortical o when a tooth begins to act on the sloped face 
of the jmllot, c' the angle on the other side of the vertical 
at which the impulse ends or the tooth escapes. Theo¬ 
retically c and o’ might be equal, but practically o' must 
bo a. little larger than o, in order that the tooth may not 
drop exactly on the corner of the pallet but just beyond it 
ou the circular or dead part. Now u'hilo the pendulum is 
dcsoomling from o down to o the force of the clock acts 
iu the same direction as gravity, which is tlie same thing 
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as if the force of gravity, or the eartli^s attraction, were 
increased by a certain amount; but wliilo the pendulum 
ascends from o up to o', gravity may be considered as 
diminished by the same amount (assuming ibc force of the 
clock to be constant tlrroughout); and therefore on the 
whole the two diatmbances would balance each other, but 
for the fact of c' being rather larger than o; and aa the 
tooth evidently makes a larger angle with the pallet towards 
the end of the impulse than at the beginning, the force is 
not quite constant tlirougliout, but a little greater through 
c' than through <?; and therefore on the wliolo the force 
of gravity may be considered as a little diminished, and 
the pendulum will vibrato a little more slowly than if it 
wore free from the clock; for it is evident that if tho 
attraction of the earth were weaker a body would fall, or a 
pendulum vibrate, more slowly, os tlie time of the ascoiii 
is always 6qual to that of the descent. It is also evident 
that as tho force acts throughout in the same direction 
as the pendulum is going, it must increase the ai’c of 
- vibration. 

36. Jloreover tho uniform friction on the dead part of 
the pallets hai-dly affects the time directly; since from, tho 
extremity of the descending arc down to o it acts contrary 
to gravity, and from o' up to tlie end of the ascending 
arc it acts with gravity, but as it always retards tho pen¬ 
dulum of course it diminishes the arc. On the other hand* 
in the recoil escapement tiie aclaon during the middle parO 
of the oscillation is the same as in the dead escapeniciit, 
but towards the extremities of the arc the force acts with 
gi’avity not only in the descent of the pendulum, but also. 
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ill its ascent during tlic recoil; and tliereforo any increase 
of the force will make the ponduluin swing faster, though 
at the same time the arc is increased by the action tlu’oiigh 
the middle of the oscillation as in the dead escapement, and 
is not affected by the action at the extremities of the arc. 
The difference between the time of oscillation of a pen¬ 
dulum attached to a dead escapement and unattached 
being very small, tlio second difference, between the times 
of the same pendulum ivith different degrees of force in 
the escapement, must bo exceedingly small; wliioh accounts 
for. the accurate ^porformanco^ of clocks with tliis es¬ 
capement. 

36, Tliis kind of reasoning however will not enable us 
to determine tlio actual amount of the errors arising from 
any particular amount of cliangc in tho force, or in the 
are. Tho calculations necessary for obtaining those results 
are too complicated to bo introduced here, but the results 
tliemselvcs are sufficiently simpde. Let D bo tho difforcuco 
in twenty-four hours between the time of tho da/s os¬ 
cillations of a freo pendulum and the same number of 
oscillations of a similar pendulum attached to a clock with 
tliis escapement; a tho angle of vibration on each side of 
zero; q the angle at wliich ilio impulso begins, o' the 
angle on tiic other side of zero at which it ends; W the 
clock weight, and h its fall in a day, M the weight of 
Uie pendulum, and I its length j then it may bo proved 

tliat D nearly, provided that o' and c arc 

not larger than about—. Suppose for example a to be 

and (/“C = 20', W = Elbs. and d = 9 inches (which, 
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ihovighlcss than usual, is suJlicicut for a highly fmishecl 
clock with liglit wheels), M —14 lbs. and I = 30 inches ; 
then D will = ,8 of a second. 

But it must be remembered that the daily error in the 
going of the clock is not D» but the variation of D due to a 
given variation in the force which arrive at the escapement, 
and to the change in the wc of vibration, which will vary botli 
from changes in lire force and the friction on the dead part 
of the pallets. Now if the force of the clock is increased by 
a small amount d IV, and the corresponding cliaiigc} in the 
arc is called da, then it follows, on tlie principles of the 
differential calculus, that the increase of B, or 


dti 


_ /r/W Zda\ 

= » (w-—)• 


To this must be added the circular en’or, which we 
found to be (assiunmg it to bo entirely uncorrected by the 
pendulum spring) 10800Therefore the whole daily 
loss of time wiU be 


W 4 O—C (dVf Zda^ ^nnnr^ J 
~ -—3 -- \ + 10800 ada. 

If we took the friction on the dead part of the pnllot-s 
into account, we should introduce another small term 
allowing a farther intrease of time, and depending upon' 
the pressure on the pallets and the coefficient of friction ^ 
or the ratio of the friction to the pressure (which is said to 
he from I to yV between wdl polished and oiled sui'fnccs 
of brass and steel), and also depending like the others on 
e' —c. Both for this reason, and because the dead friction 
diminishes the arc of vibration, the effect of which wo shall 
see presently, it is by no means to bo taken for granted 
that, because a constant friction on the pendulum throiigU' 
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fiqudl augles on cacli side of zero produces no (lirecl eflb(!L 
upon tlic time of a vibration, tlicreforo the friefciou in th<^ 
dead escapement on the circular part of the ))allcis docs no 
harm, We shall see a remarkable proof of the exteni 
to which it diminishes the ability of the pendulum to 
resist tlm other disturbances, in an escapement (dT) in 
which these other disturbances arc much reduced, while the 
dead friction is nuicli increased. ludccxl it is obvious 
without either calculation <)r experiment, that the more, 
friction there is, the larger must bo the impulse required 
to make Up for it, and consequently tlio larger will be all 
the errors connected with the impulse. 

87. Wo SCO now the true cause of tho accuracy, of the 
dead oscapoment, and also how wo arc to set about it, to 
make this accuracy as great as possible. I'or though 'we 
raniiot determine tho proportion M'hich the increase of the 
arc bears to tliat of the force, since it depends upon tlui 
varying friction of tho dilTorent parts of tho clook, yet wo 
see that they have a tendency always to correct each other j 
and whenever the state of the clock is such (as in one 
experiment I actually found it to bo) that; tho arc increases 
just onc-tliird as much as the clock-weight is increased, 
those t^vo parts of the fjn’or will exactly counteract each 
other: and the ratio of the increase miglit happtm to be. 
.such as to compensate the circular error also. It goncrally 
happens, liowevcr, that as the clock gets dirty, tho force 
and the arc decrease in such a proportion that the loss of 
time preponderai.es. 

But’ tliero is one case in which the opposite effect 
not imfrcquently takes place to tho surprise of those who 
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know the common result of a decrease of nrC; and of 
which for some time I could not myself discover the ren- 
son. Church clocks will often be found in a few moniha 
after they are put up to increase tlioir arc of vibration coii- 
siderably^ and at the same tune to t/ain. This increase of 
arc arises chiefly from the decrease of fiictioii on the dead 
part of the pallets, owing to the teeth and pallets polishing 
themselves more perfectly than had boon done by the 
maker. Moreover in most clocks tho quantity that \vq 
have called D is much larger than in the above example j 
and therefore the terms depending on D arc much larger 
than the temi containing tho circular error. Consequouily 
the term D -^may preponderate over both the othor 
tenus; and as it has a — sign the clock will thou gain 
wlule the are increases. 

It may be as well to explain that when a clock gains it 
is said to have a + daily rate of so many seconds, and 
when it loses, a —rate; and it should be remembered that 
these signs are the reverse of those which indicate the 
decrease or increase of the lime of an oscillation. I, may also 
remind the inexperienced reader that the goodness of a 
clock is indicated, not by its rate, but by the variation in 
its rate. 

38. The effect which I have just now mentioned, of the 
self-polishing of the pallets is of course only temporary j 
and the general effect of a decrease of force and of arc in a 
dead escapement is, that tlie clock gains a little, whereas a 
common recoil escapement loses considerably as.tho arc 
decreases J and this has .led to the adoption of a small 
recoil in the place of the dead part of the pallets, especially 
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in turret clocks, wliicli are more liable to changes of 
friction than others. This recoil may be given by stroking 
the circle of the thjad part of the pallets, not from the axis 
of the pallets, but from a point a little below that axis, in 
the line of centres of the pallets and the scape-wheel, which 
produces a circle with a higher degree of curvature, and 
tlieroforo raises the teeth a little after they have dropped 
on to the pallets; and tlio fai'ther the pendulum swings 
the greater is the degree of recoil. Tliis is commonly 
called the half-dcad escapement. 

39. There are some other things to be learned from the 
above expression for the daily error of a dead escapement, 
and some of tliom apply to all escapements. Pirst, we 
observe that, as the weight and length of the pendulum are 
in the denominator of the fi'action, tlio lai’ger they we the 
less the errors of the olook will bo ) and tins is the case 
with all osoapemonis, and with all the errors, whether of 
friotion or anything else, connected with the escapement j 
for it is quite a vulgar error to suppose (other tilings being 
equal) that a heavy or long pendulum requires a heavier 
clock weight than a short and light one, except that of 
course in largo clocks the pendulmn spring is stilfer, and 
the whole of tho machinery heavier, and so requires a 
larger weight to movo it than in small ones. Tho best 
turret clocks have 2, or seconds pendulums, which are 
about thirLcon and eight feet long respectively, and the bob 
sometimes as much as four owt. Now if tho same clock 
had a one second pendulum with a hob of half a cwt., 
instead of a two seconds pendulum with a bob of four cwt,, 
it would go Just tliirty-two times worse; or in other words. 
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if with ilie long aiul heavy pendulum it vni'icd a minute in 
u monthj with the otlicr peiidiilum it would vary above half 
an hour. 

‘to. The next indepondent quautil.y in the equation for 
•D or is c'— Cj or tlui difference between the angle at 
wMcli the impulse begins and the angle (oji the, other si{I(3 
of zero) at wliicli it ends, whicli i.s (Jiilhjd tlu! angh of 
escape. And we see that the amallw this differoiKic can bo 
made the smaller ail the errors of the cseai)ement will b(*, 
ns indeed was apparent from tho general reasoning inde¬ 
pendently of the exact value of D. The limit to Ihi! 
smallness of c'—c is merely a practical one, depending u])on 
the aooiu’aoy of tho construction of the escapement, and 
upon the length of tlio pallets (by whicli I mean the arniB 
that carry the pallets), for of course tlic longer they are tlie 
smaller ivill bo the angle c'—c corresponding to a given 
linear space required for the tooth to fall upon, tl'lm 
length of the pallets can only be varied in two ways j either 
by increasing the wheel and pallets together,, or by in¬ 
creasing the number of IcetU which tho pallets embrace. 

41. But it is to be observed that as you increase the 
length of the pallets yon ^ao increase the linear sjiaco ove.r 
which all the frictipn acts, bofli the friction during the 
impulse and the dead friction; and if tho wheel romain« 
of the same size, the pressure, to which the intensity of 
the friction bears a certain proportion, Avill bo the same; 
iiud so the total quantity of the friction will be increased 
by increasing the numbenr of teeth embraced by the pallets 
in order to increase their length; for tho, radius of each 
pallet, drawn from the pallet arbor to the corner of the slope, 
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must be a tangent to the circmnfcreiico of the teeth of the 
scape wheel, in ordei* that tlic teeth on each side may act 
equally, and for the 9 ame arc of tlio pcnduliun, upon the 
slopes of both the pallets. The p)aUots thevefore arc seldom 
made to embrace more than the space of 10-^ teeth, or 
at the most, when the wheel has thirty ns usual. 

4a. Again it is not desirable to increase tlic si'/e of the 
wheel beyond what is necessary for its proper strength in 
proportion to the inunbcr of tooth, because its momenl 0 / 
inertia increases oven more rapidly than its size, and so 
causes it not to follow tlic pallets so quickly i and when 
tlio wheel is too large, the teeth may often bo heard to 
jump or chatter on the pallets, from tlio length of the drop 
and tho grc^it linear velocity they have acquired when they 
are suddenly stopped. In astronoihicnl clocks, or ‘regulators' 
as they ore called, the scapc^whccl is generally two inches 
iu diameter or a little more, and e'—c can bo made as little 
ns ilO' and ought never to bo moro than 30'. In turret clocks 
five inches is quite enough for tho diameter of a scape 
wheel with thirty teeth ; and m that will allow moro than 
twice as much linear space to the same angle as a wheel 
only two inches in diameter, o'—c, may be made as little aa 
iu a regulator. I have improved the going of a church 
clock, which was very well mado iu other respects, by opening 
the pallets wider, as they had been so sot that the tooth 
fell on the circular port a good way above the slope, in¬ 
stead of as n(;ar to it as possible j and tlu'-y fortunately 
admitted of adjustment. 

43. I have said nothing about llic size of c' + c as well 
as c'—c, because that qutmlity docs not enter into the 
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value of D. Bub it ia cvidfiut iliat ilio larger these auglcs 
are, the longer the impulse -will last and ilie less dead 
friction there \vill be for the same degree of oseillationj and 
also the less suddenly tho tooth have to drop, and conso- 
quently the more closely they will follow tho palhds at tho 
beginning of the impulse. But on tho other hand the 
friction occurs during the impulse instead of oecurring on 
tho dead pai't; and tho question between long and short 
impulses is one which is perhaps bettor determined by 
experiment than theory j the result ho'wcivcr both of theory 
and experience seems to bo in favour of n short impuUcij 
espeoially as it requires a less arc upon tho whole, and less 
maintaining force. Mr. Bent makes o', the larger of tho 
two angles not much above half a degree, and tho angle of 
OBoillation IJ® in his aalronomical clocks, and some of them 
aro going with only a weight of four lbs., and tho i)ulley, 
Ming three feet in tho eight days. A olook of this sort 
is also sqfet' than one in which tho angle of impulse ia 
nearly equal to tho whole aro of vibration, for in that caao 
a little diminution of tho arc from any accidental cause, 
such as freezing of the oil, -will cause tho clock to slop. 
This was what the old clockraakers meant when they said 
that tlie excursion, or the excess of the angle of vibration 
above the angle of escape, ouglit to bo largo, 

44). There remains to be noticed ono oilier ingredient iu 
the equation for D, viz. for these quantities ovidoutly 
depend on each other, as you cannot increase the arc in a 
given clock, but by increasing either W the clock-weight, or 
k its fall in the day. As was observed before, it is impos¬ 
sible to say practically what increase of arc da any given 
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iiici’ease of will produce j but it is certain that the arc 
increases much more slowly than the weight; and^ moreover^ 
as the arc is increased, the quantity of dead friction is in- 
ci’casedj and, therefore, on the whole, it is found that no 
good is done by adding to the weight in order to increase 
tlie arc. (This remark wU not apply to the next class of 
escapements in which tlicro is no dead friction.) But if 
you can increase the arc by diininiaUing the friction on the 
pallets, or improving the suspension of tho pendulum, that 
is a dear gain j and accordingly tho less weight and fall a 
clock rciiuircs to make tlw pcudulmn vibrate a given arc 
(other things being equal), tho better tho clock will go, 
Eor tins purposo tlio pallets ought to bo made ns hard 
as possible) and in higldy fmished clocks they aro made of 
jewels j sapphii'oa I understand aro the best. It seems to 
bo a ([ucatiou whether steel or brass teeth work host upon 
jewels! upon steel pallets there seems to bo no doubt that 
brass tooth work with less friction than steel and require less 
oil j but the brass should bo hammered so as to make it as 
hard as possible. 

45. Vni’ious contrivances have been proposed for di- 
minialiing the amount of dead friction, such as having 
separate pallets for the dead part of the notion, which are to 
be loft behind by tiro pendulum as it advances beyond tho 
angle of escape (o'), and carries the impulse pallets with it. 
It will be seen, when wo come to rmontoire esonpomonts, 
why this plan is objectionable, besides the difficulty of con¬ 
structing it. Perhaps it might answer to put a largo and a 
small scape-wheel on the some arbor, and short and long 
pallets on tho same pallet arbor, the small wheel to give tho 


(U 


DUPLEX DEAD ESGAPEJIKNT. 


impulse on the long pallets, and the teeth of iho largo wheel 

to be stopped by the 
short pullets contain¬ 
ing only th(5 dead 
part, ^vhioh however 
is i.o have- a small re¬ 
coil in it. In that case 
iho impulse might be 
given through a small 
angle near Die middle 
of iho vibration; and 
the pressure which 
causes the iloud fric¬ 
tion would bo less 
from fL largo wheel than a small one, and the space to bo 
travelled over on the dead part of the shoit pallota would 
also be less than on long pallets; so that in every way 
there would be an advantage as regards friction, This may 
be called a dujilex cscapcincnt, as it agrees with the escape¬ 
ment of that name in watches. It would require con¬ 
siderable accuracy in its constractiou; but nof; more than 
another, wliich I slmll inentioii presently, ns having been 
constructed, and at work,* 

46. There is another form of the dead escapement, 
which does not diffm: in principle from the common one, 
but has some mechanical advantages over it, especially for 
large clocks. It is called the pin-wheel escape?iienl> It will 

* I have made this and several other dvnwiiiga in this book inoro 
with a view to an intelligible exhibition of the action of the parts, 
than to their actual or proposed coiatructlou, 
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sulRciciilly deal' from the drawing, that ilic pins arc sol 
the face of the 
^ wheel in- 

of teeth oil 
and that 
two pallets, 

^ijStead of embra- 
^i<ig about one- 
of the cir- 
^iiiTifercnce of the 
^vHeel, arc put so 
jtcua’ togotbor as lo 
JiJavoroomfoi'only 
pin to pass 
■UotwQculbomjaiiil 
i>\\Q eiul of ono 
slope should bo just over tbo beginning of ilio otbor. 
tTKo fnna are only aomi-oyliiidors, since tlio uppor part of 
ttlie cylinder could not act, anil cutting it away allows the 
pallets to slip tbrough close above tho teeth, so as to waste 
as little dro]) as possible. The advantages of this escape¬ 
ment arc, first, that it docs not require so much ncoui'ucy 
of construction as tho other; for in the common one if every 
tooth is not exactly in its right place, with roferciiec to every 
other at tho distanco of ton or olovon from it, tho escape¬ 
ment is liable to stick, and if the clock, is going with a 
heavy pendulum a tooth is then protly sure to bo broken j 
Avhorcas if every successive pin in tho pin-wheel oscnpcincnl. 
is nearly at tho same distance from tlio ono imraodialcly 
before it they arc sure to clear the pallets: secondly, if by 
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any accident a iootli of the common seivjm ^vliccl is broken 
tlie wheel ia ruined; whereas if a ])in is broken a new one 
can bo put in in a few miimtcs s thirdly^ many more piiia. 
can be put into a wheel of given aiw., so ns to clear Ltie 
palletSj than teetli of the usual shape; and therefore there 
is less drop and waste of power at every boat, and ilio 
wheel turns through a loss angle and with lisss vcleoity, 
and llierefoi’o with less friction on its j)ivot8, and can also 
liave a, larger number of leaves to its piJiion, ilu? advanUgo 
of which will be seen when m'o coiuo to consider the wheel 
work j fourtlily, both strokes on tlie pallets Iming down* 
wards, instead of one downwards and ibo oilier upwords, 
tlicre is less shako in tho pallet arbor; in a cominon csciipo* 
ment tho didorcnco of stroke on llio up and tho clown 
pallot can generally bo distinguished by the sound. 

Tho only disadvantage of tliis esenpomenk, ns far ns I 
know, is that the force of tho cylindrical pins on the pallets 
is not so uniform from tho beginning to tho ond of tho 
impulse ns with sharp teeth and pallets with straight slopes; 
in fact, the slopes ought strictly to bo concavo, in order to 
make tho inclination of the tooth to tho pallet tho siimcj nt 
the end ns at the beginning of tho iitipulso. This however 
could, not bo done ivithoiit tho introduction of greakor ovUa 
than the very small variation in tho force. Tho pin csoapo- 
ment has been long used by tho best makers of tun'ot 
clocks both hero and in Trance. It is not nsetl in 
tlie Exchange clock, because it is not so well adapted for 
jeivcUed pallets, which that dock has. Mr. Vulliamy 
makes the pins of steel acting on broad pnllols, portioiia of 
turned.cylinders, and without any recoil-; diminishing tho 
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radius of Llic (jyliuilci', or setting the same pallets on longer 
ai’JUSj would give them a small recoil. Mr. Dent iiaes hai'd 
bnvsa wire pins acting on pallets, not flat, but having the 
cross auction a segmunt of a cirolc, ami he makes the escape¬ 
ment MialC deiul.^ The scape-wlicel for a 1 ^ sec, pendulum, 
with forty piiia in it, in the two clocks I shall mention, is not 
(piitxi four inches in diameter; this shows the small amount 
of (Iroj) which this escnpemciit requires compared with the 
common one. 

'MU. ATlirS DUPLEX SPUING ESCAPEMENT. 

47, Ilcforo I proceed to the next class of escapements, 
and by >vny of introduction to them, I will describe the one 
I alluded, to just now, which was invented by the astronomer 
roysil, and of wliicU three or four specimens have been 
made by Mr. Dent: one of them, is now going in hie 
shop in Cookspur-8l;Vcet. In order to prevent the inequali- 
tiofi of forco of the train affecting the impulse on the pendu¬ 
lum, there aro two scape-whcela and two pairs of pallets, 
one f(}r the stop, and the other for Uie impulse: the atop- 
whuol is the one connected with tho train, and the impulse- 
whool ridca on tho same arbor, and is connected with tho 
otlicr by a spiral spring. Tho stop-wheel is let go by its 
paUeta, which huvo no sloped faces, just before a tooth of 
the impulse-wheel would arrive at the slope of its pallets, 
and 30 tho tooth is carried down tlie slope, and the impulse 
given by the force of tlie spring only. Infact, if the reader 
Invns to the drawing of the duplex escapement in page 64, 
and supposes those two wlieda reduced to the same size, and 
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connected a spii’al spring instead of by screws, it will re¬ 
present this escapement (wliiolilmay observe is not the one 
suggested by Mr. Airy some years ago in his paper in the 
‘Cambridge PMlosophical Transactions’). Tlie advantage 
of it is that the impulse is constant, or at least has no 
greater variation than that of the force of the spring arising 
from changes of temperature, udiich is much smaller than 
the variations in force caused by the friction of tho train j 
with however this not immaterial eKccption, i-hat tlio 
impulse-wheel tinns witli more friction, riding on the arbor 
of the other wheel, than if it turned on pi^'ots as usual, 
Moreover the dead friction is tlial due to tho train, and 
is very much gi'eater than nsual. The reader may form 
some some idea of the amoiuit of force consumed by tliia 
friction and the additional weight of the second scape- 
wheel, when I state that (reducing the falls to the same 
amount) the weight employed in driving this clock is more 
than tmee as much as tliat employed in driving one of Mr. 
Dent’s second-rate r^ulators, vibrating tho same ru’c, and 
more than tlnee times the weight of one of his first-rate 
regulators,, also with the same arc; notwithstanding tho 
numbers of the pinions of the clock with the duplex escape¬ 
ment are higher than those of citlier of the others, and the 
clock is made Avith the utmost ou’e. And it is not sur¬ 
prising that this large amount of friction more than coun- 
tei’balances the advantages of this escapement, and the 
clock does not go so well as a lii^t rate regulator with tho 
common dead escapement. Both these objections might 
probably be diminished j the first by making the slop wheel 
ride upon an arbor or stud set on the frame, and carrying the 
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pivot of tile impulse wheel in the inamicr 1 slmll have to 
(leaci’ibc in a church clock lately made iiccovcling io some 
suggestions of my own (177)} and the second by using a 
largo and light stop-wheel with short pallets in the mauner 
above described (dh). 

IthlMONTOBlFi IffiCAPEMMTS. 

48. Escapements of the kind just now desciibod, (so 
far as the impulse wheel is concerned) in ■which tho iinpulsi! 
is given to tho pendulnm by a small sepamto weight or 
spring, iiidejiendcntly of tho force of the train, are called 
by tho Ei'onoh romonloh'o oscnpciuenls, because tho clock 
train -winds or lifts up the mniiUaiihng force at every bent 
or at some given nnmbor of boats of the pondnlum. They 
have long exorcised tlie ingenuity of clookmakcrs; so 
long indeed and generally so unsuecessfully, that they 
appear to ho considered by sonio people tho philoBOpher’s 
stone, or the porpeUial motion, of clookmaking. It would 
be impossible io describe in any reasonable compass tbt; 
various inventions that have been made for the purpose, 
both for clocks and chi’onum(;ters. I'or ehronoinctem th(\y 
have always hithcado faihid, and I have no doubt they 
always will; not only on account of tho exc(!sssive trouble 
and dillieuliy of conatrucling them on so small a rcuIo, but 
because n chronomotev train is so lightthiit them is nothing 
like tho same friction and waste, and thercForo variation, of 
force between tlu^ main-spring and the scup(i wlieel ns iher(} 
is i-ji clocks, especially turret clocks, for which reinontoircs 
ate most required. Put that they can bo made aiui ill 
answer for clocks, both large and small, is fully proved by 
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several examples of them ■which I slvall describe as actually 
now at •work with complete success, besides the one which 
I just now- described wid which may be considered an 
escapement of the 'transition styV between dead and re- 
montoire escapements, or rather between an escapement 
remontoiro and a train remontoirc. 

49. "When the impulse is given to the pendnluin by a 
small weight or weights, instead of a spring, raised at every 
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beat or other interval, they are called gravity remontoircs, or 
merely gravity escapements, 

Tlie most simple, lliough not the earliest form of the 
gravity cscapoincnt is this. A C, B 0, are two arms turning 
separately on pivots at C which coincide as nearly as 
possible with tlic axis of suspension of the pendulum. 
At the lower ends of the anus nro two pulhits of the slmpe 
in the drawing, so that a lootli of the scape wheel will 
slide along the sloped part and raise the am until it comes 
to the little detent or hook at llm end, whioli stops tho 
tooth! the tooth at li is liorc represented as stopped, and, 
tho tooth at A ready to raise tlie arm A C, as soon as the 
other arm is pushed further out so ns to set the wheel free. 
Tho awns havo projecting pieces, 1>, 10, reaching down t o 
tho ])ropor distance to bo ni(5t by the pendiihim rod. Tho 
peudiJiun is here drawn ns going to the right and just 
touching the projecting ])ieec5 E of the arm 11C; as tlie 
pendulum goes on it will raise that armband set the 
M'heel free to raise tlio otlun* arnij and tlie pendulum 
will carry tho arm BO witli it ns far ns it swings, and 
when it descends again tlie arm will descend with it, 
not only ns far as the plnco wliei'c it was (nken up, but 
farther, Lliat is, until the slope of tho pallet B rests upon 
the next tooth of tho wheel, or upon some fixed atop set in 
tho frame at the proper height. Tho niaintaining force 
upon the pendulum depends therefore, fust, upon llio 
weight of tlio arms, and secondly, upon the dijrcrence 
between the angle of the pendulum uheu it ialcc.s up cacli 
arm in ascending and leaves it in returning. If tlie arms, 
iiistend of acting by their own weiglit, were so counter- 
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balanced that their n'eight did not act upon the pciiduhini, 
and were fixed by short and rather stiff springs liki* a 
pendulum spring at 0, the action would be evidently jual 
tlie same, only it would then be a spring, instead of a 
gravity rcraontoire; and if not counterbalanced, it would 
be a compound of the two. 

50. This simple form of the escapement will do ns well 
as any other to explain the general advantages, and tlie 
mathematical conditions to bo observed in tho construction 
of all these escapements, whatever may be their mechanical 
peculiarities. Tho advantages of them arc evidently those: 
first, tho impulse depends upon tho action of a given 
weight pressing on tho pendulum through a given distance 
(that is a given difforenco between two distances) and 
oommunioated without any friction, except tho incon¬ 
siderable friction of tho pivots at 0 ; tho force is therofore 
independent of all variations in tho friction in tho train 
and escapement. Secondly, there is nothing corresponding 
to the dead friction of the dead escapement, or the still 
greater friction of tho recoil escapement; and therefore tho 
pendulum will be much loss liablo to variations in its arc 
of vibration: indeed thoro is no friction at all except the 
momentary friction of unlocking the teeth ■when the pen¬ 
dulum first catches the arms; and therefore the pendulum 
will swing a given arc with less maintaining force. A 
third advantage has been supposed to be that tho pDiululum 
may be left quite free for some distance during ilic middle of 
its arc, since it need not bo made to take up ono arm as soen 
ns it leaves tlie other \ this however wc sliall find to he the 
worst construction, though it has been the most coniinon. 
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T)]. Now if we could bo sure that the pendulum would 
never vary ab all in its arc, this csciipcineni would be 
inailieniiiiically perfect. But thci'e is no such thing iu 
practical ineclianics as perfectly invariable motion; and it 
unfortunately happens tluit if the arc of vibration varies at 
all, from change in tlie density of the air or the little 
friedon which exists, it produces much worse elTccts ^vith 
this cscnpcincnt than a much larger variation of the arc 
produces with the dead cacapemcul. J?or as was shown iu 
the recoil escapement, the additional force, or weight of the 
arms, acts y’itli gravity both iu the ascent and descent of 
the poiiduluin, and therefore the favtlier it ascends ivitli 
tills additional force acting upon it, the more tlie time of 
its oscillation will be diininbhcd. In order to show the 
amount of this acceleration, let 1) ns before bo the increase 
of the time of all the oscillations of a senonds pendulum 
in a day when nttaclu^d to this oscnijcincnt: c tho angle 
(from zero) at wliich tlic pimdulmn takes uji each arm, c' 
tho angle at, which it leaves the other arm \ only you must 
rcincmhor that c' is now supposed to be on the same side 
of zc'ro ns c*, and not on tlio opposite side as iu tlie dead 
escaponiont j W, 1i, M, I, siiul a, imlimtc tlio same tilings as 
in the dead escapesment. d'lion it may bo proved tlmt 
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The — sign indicates that D is here a doeroase of time 
instead of an increase, c and d may bo any angles we please, 
except that e' niust bo less liliaii or tlicro wdll bo no 
impulse! given to the pendulum, and also g cannot safely bo 
move than a —30', since the unlocking of the wdiecl has 
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ti) take place ^’hilc the pendulum is moving through a — <•. 
It will be found fhat 'whalover value of c — o'we takcj 
subject to these conditions, the value of J) in this t‘,s('i\pe- 
ineut is many times greater than in the dead eHcapemont. 
And since D is ao much larger in the remontoirc than in 
the (lead cscapoincnl., it was porhapa natural to suppoMe 
that the variations of 1) (which are the error of llui clock) 
must be larger also; ami experience was supposed to confirm 
tliis theory, for however carefully the remoiiloini escape- 
meuU have hern made, they have not generally nqualh’d 
the acenraoy of tiro dead escapement, and when tlury have, 
only by their mechanical advanUigcs and very perfect eon- 
sti'uotion. 

53. But although this conclusion would bo perfectly 
correot if applied to any construction of the ronionloiro 
escapement which a clockinaker wotild sponlancoualy adopt 
(which accounts for exporionco appwiring to confirm theory), 
there is nevertheless a construction, wliieh, though not 
vci’)' convenient, is quite praeticjvble, and will render the 
variations of D so small ns to bo inappreciable for any 
probable variation of tlic arc of vibration. In order to 
produce, this eil'cct, it may be proved that c, o', niul a must 
be made to satisfy this condition: 

— c* —c'*“u- 

a 

Jfany different values of c and c* for any given value of a 
will theoretically satisfy the equation j hut ])raelically the 
number is very limilcd by the cireumstanccit ineiitionc<l a 
little while ago. Bor suppose that we inleiul a to bo 120' 
and o' to be on iho some side as ej then in order that a—c 
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may = 30', c must not bo more tlmn 90', and we shall find 
that the corresponding value of o' is very nearly 78'. But this 
construction is barely practicable, for the angle tlirough which 
the impulse has to bo given, and tluough which the arms have 
to be raised by the escapeinenfc will be only 13', and these 
small angles are extremdy diflicultto manage with accuracy 
in the construction of tlio escapement. Ih’obably the only 
way in wliich it can be done is by such a construction as 
that which many persons must have seen in the window of 
ilr. Dent's shop, made, however, witliout any reference to 
this tlieoiy, in wliicli the action takes place near the bottom 
of the pcndulimi, and so tlio linear space corresponding 
to a sraidl angle is sufficiently largo. This constmotion, 
however, is on anotlier account very inferior to that in 
which c and d ore on opposite sides, or the arms act upon 
the pendulum tluuugh a considerable angle on each side of 
zero; as may be seen at once from tiiofnot tlmt, in that case, 
c—</, which occurs in the (lonominntor of tlie value of B und 
its variations, becomes tJ+c', and therefore the value of 
D and cW is very much smaller tlian when g and d 
on the same side of zero, or the pendulum is free in tlic 
middle of its swing. 

68. Suppose then that e and d tire on opposite sides, and 
rt=:120' as before; tlion one construction that will answer 
is to make o and d each—or 84)'*80, so that one aim 

is always taken up just as the other is left. And as it 
is not safe to allow the pendulum to touch one arai before 
tlio other has readied its lowest point, and is ready to catch 
the scape-wheel, any value of d larger than c'ds practically 
inadmissible; and on the whole the best form of the remoii- 
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toirc escapement evidently is that in \vhi(!li « and o' nrti on 
opposite siclea of Kero, and ciieli ■7’07(?. In llmt 

case the equation in § 51 asHumcH Mm moro simple form, 

i;) — __ - - / •' I 

and the variation of B for ilu a {^ivoii small vnrialioii of 

1 




till 
It 


1 


Now in order to see what tlic error of siieh iv (dock will 
amount to for certain anuill vjndations of llu' ai'(!, we may 
. put for W h half its vahus in Urn ihmd ijHcapciimnt, as tlmt is 
sufdoieut for a wclUmado (dock of this sorl, ilunuj liidiij; ]m 

dead fiiction to overcome; and as a iJiO' mid ihci'id'oi’e 
\fh 

c = 84j'-8flj or ‘OaiO, 

lhaiif a ineroaHCs or deereas(‘s from lIlO' (o tho I'ollowin/i 
amounts, the clock will m ^///erwAv-'gain, 1ml no more lliaii 
the following small (|nuntilu’s daily i 

a I2.y ^/D of n sccmid 

- J22' - 

— 120 ' .- 

- IIH' -- 

■- 117'- 


. 1 
'.i 'i <1 


0 


i 

Yii u 
1 

■« l)‘ 


Ihcrcforo as the m-o ^yill iievor siionlimeousiy iuevi'ase, 
it sliould he HO adjusted wlien Urn pivols and jmlhds me 
(ileanedj that a may exeeed the imrimil value liy a lilMo mori! 
than X', wliidh it will do if the imndnliim is mailt! to swing 
to-130' ill a clock ill whieh e is H-l/j and tlH!n the nr(! 
may diminish as mueh as 4' or 5' without producing any 
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sensible cfFcci upon the rate of the clock; and such a clock 
may be pronounced tlieorctically perfect. 

If c should be made a more convenient size, say for 
a = the clock ■wiU lose for an increase and gain for 
a decrease of arc j but it will only lose of a second a day 
for a decrease of 5', wliich is a very large variation of 
the arc for such a clock; and, llicrcforo, even with this con¬ 
struction, it would probably go better than any dead escape¬ 
ment. These escapements have Irowcver, I believe, been 
always made on the jdan of leaving the pendulum free 
in the middle of the swing, which, as we have seen, is 
tlio worst construction, especially as the angles were sure to 
bo made very far wrong, from the diflicully of making them 
right on that construction. 

64i. There is however a certoin mechanical diMculty in 
the construction of these escapements, whicli has probably, 
been a greater obstacle to tlicir use than the supposed 
mathematical objection. It will bo easily perceived on 
looking bade to tho drawing of the escapement ihiit thcici 
is some risk of the teeth of the scapo wheel, when driving 
U]) tho slope of tho pallet, sending the arm too far by 
causing it to rise too quickly; and. if it does, the hook at 
tho end of the slope will not ealoh tho tootli as it ought lo 
do, and two or three teeth will slip post at once: this is 
called tripjibiff. Various contrivances have been resorted 
to to prevent il. j tlio most obvious is to put tho slope on 
one arm, and tho hook on another hy the side of it; tho 
ovin with the hook is not nllov'cd to fall so low ns to require 
raising by tho ■wheel, and so is always ready to rcecivo a 
tooth udien it is not raised by the pendulum j tlic pcnduliun 
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raises both the hook-arm and the pallet-arm togollicr. Tliia 
is Cumming^a escapement, with the omission of some halls 
which he added by way of giving' inomenliun^ to the arms^ 
in complete ignorance of jnathcmntienl principles, that Innng 
the very thing wo ought to avoid ns much as possibk;; and 
with tho arms set nimn springs instead of turning on 
pivots and carrying weights, it is Hardy’s escapement, 
which tho transit dock at the Canihridgo Observatory has. 
But this is a complicated arrangenunit; and i believe even 
those stationary hooks (as they may bn calleil in contrast to 
the others) sometimes trip from tho blow of tho tooth 
against them, unless they are undcreni, or tho teeth so 
made to ht tho hooks that they cannot bo disengaged by tho 
pondidum without causing a slight recoil in tho wheel and 
a resistance to tho pendulum, which is of course very ob¬ 
jectionable, especially as tho force required for it will vary 
ill ditToront states of the clock. It will now ho scon ivliy 
tho similar contrivanco which I moulioncd (dT)) as having 
been applied to tho dead esoapoment docs not ansivcr; for 
the separate arms carrying the dead ])art of tho pallets arc 
liable to these same objections, and nioroovoV on acoount of 
their own weight they aflbet tho pondulum after tho manner 
of a remontoh'O escapement without the angles properly 
adjusted. 


MU. BLOXAM’S TISCAHBMHNT. 

55. A form of tho gravity esoapoment has lately heoii 
invented by ifr. Bloxam, tlic inventor of the diplcido 3 co [)0 
(9), which when it is so made as to satisfy tho proper con¬ 
ditions respecting the angles, (which ho had unfortunately 


MU. BLOXAM^S ESCAPKMENT. 


79 


uot discovered until after he had constracted the esenpe- 
moiit witliout any partieulw regard to the angles), seems 
lik(5ly to possess every qualification that is requisite to 
produce a perfect cseapeineut, and with no inordinate 
difliculty of eonstruotion, T^y Mr. Bloxnm's permission 



I give a drawing, and a short description of it, ns it 
will require to be made. AO, BO are the two arms, 
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carrying flat stops corresponding to the common lioohs 
at A, B, one of whicli is represented as stopping a tootli 
of the scape ■wheel at B. I Iiavo omitted the pendulura 
in the drawing for gi'cater distinctness. The scape wheel 
has only nine tcethj and consequently moves through 
30° at each beat, and. its motion therefore will take a lon¬ 
ger time, or will be more gradual, tlimi if it only moved 
tliTough 6° as usual. Coneontrio with tlio scapo wheel and 
fixed to it are tivo other wheels of the form called cam 
wheels in machinery, thougli no gi’cat aceiu’ncy is required 
in the form of the teeth for tliis pui’posc. TJicse wliccls arc 
so placed that one of the nine teeth or cams of tho smaller 
wheel is ready to raise tlio arm B 0 by means of the pro- 
jeoting piece 1 when that arm is loft by tlio poncliilum at 
its lowest position \ and while tho wheel tm-ns tlnotigh 30® 
tlio small wheel is to raise the arm B C tlirough 8'!/, if tho 
pendulum swings 3®; and in like manner the IfU’gor cam- 
wheel raises the other arm through the same angle, by 
moans of tho projecting piece A D. 

Tho reason why two cam-whcols are required, in order 
to completely satisfy the condition respecting tlio angles, 
is, that as one arm must bo raised by the lower part of tho 
wheel and tho other by tlio uppci*, they cannot both bo 
carried tlirough tho same angle, unless tho whool wliich has 
to work the longer am is larger than tho other. 

Now the effect of tliis orrangcanent is, first, that the 
arms arc raised with much less jWetion than wlion| a tootli 
slides along a sloping pallet j secondly, the rise taking a 
longer time, there is no risk of the arms being ebivon Loo 
far by their own momentum; tiiirdly, the pressure of the 
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iticUi. of the scape-wheel upon the stops is much less than 
iu a wheel of the usual nunibm' of teeth, and consequently 
the friction at unlocking is much less 5 in fact the pressui’e 
is so little that the stops, instead of being undercut, may 
be sloped a little the other way without the pressure being 
suiricient to lift them, and therefore the friction at unlocking’ 
may be reduced to nothing. To show how safe from trip¬ 
ping this escapement is, I luvvc seen the weight in Mr. 
llloxivm^a clock pulled by hand, and so increased to mote 
than double of what was required to work the escapement, 
without its exhibiting the least tendency to trip. And it 
may bo observed, that even if the angles should not be 
quite correctly adjusted, the causes of ciTor are so much 
reduced by the abscuco of nearly all friction, tlmt hardly 
any variation of the arc can take place: in fact Mr. Bloxam 
lolls mo that he has never been able to detect a variation in 
tho rate of more than a second a week even in his clock as 
now mude with tho angles of escape not half the proper size. 
1 have no doiibt it might easily he made on a large scale 
with perfect aceuracy and no great amount of trouble, and 
it might also be combiiial with a remonioire in the train, 
for the purpose of elTecting tlvoso objects for which a train 
remonioire, letting off about every half-minute, is desirable 
iu tui’j-et clocks, inclopcndently of their accuiucy of per¬ 
formance, for which see § 173, &o. It may he convenient 
to state the proportionate dimensions which I find will be 
required foi' the different parts. Suppose we intend the 
radius of the scape-whed, (which is very light, being cut, 
out of a plate of thin steel) to be inches, then we, 
must make tho other parts as foUo-ws;— 
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Bftdius of larger cftiu-wliecl 1'24\ 

Badius of smaller cam-wheel 1 ' i 5«j)posing tho 
Distance from centre of wheel > angle /i = 1,20 
to axis of arms - - - 7*4i5 \ and e = Sdi' 
Length of ai'ma (to pallets) 7* / 

These dimensions will allow inch for the dcptli of lookin^jf 
if it occupies an angle of ZA,', and fVif it occupies ns much 
as 80': anything between llio two will do very well. If lliR 
seape-wheel is half tins swo everything else mnst be half 
the size. The counterpoises a, h, arc added hceause I 
LeUeve the anns cannot be inndo liglit enough to do with¬ 
out, when they act tluough an angle of 108'. 

50. Other escapements without number have bocii 
invented: indeed there is a story of a celebrated chuik- 
rtiolcer saying he would undcrlnko for a wngor to inv(uit 
a new one ovciy day. But a descri) 7 tion of tliein would b« 
of no use in a merely practical treatise, as the escapemunta 
themselves have never coino into use. Borhnps the most 
ingenious, ns well as curious, was Ilai-risou^s, who, wlion ho 
was only a caiTeuter, invented it to save liiinself the trouble! 
of having to go so frequently to oil the cscapeniont of u 
turret clock, which lie had undertaken llio care of. It liriH 
no friction on the pallets, but has an iminonso recoil; iviid 
though a degree of accuracy is attnbuted to one iiiado by 
him, which is evidently fabulous, it is said (whicli is j}ro- 
bnbly not fabulous) that nobody clso could ever make thcni 
to answer. A deseriptioii of it may bo seen in several tif 
the EncyolopKdias, and in Bcid's ' Troaiiso on Clock- 
making.^ "Wo will proceed to consider another matter, whioli 
though apparently minute is of gi^eiit importance. 
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57. All the gubstaucea of \Yhicli a poiululuin Yod can 
be made increase.in length as their temperatuvo increuses. 
Lot I be the length of the rud, ill its increase for any given 
number of degrees of heat, and d t the corresponding increase 
of t, the time* of the vibration of the pendulum, then (re- 
memberiug that ill vei-y small compared with I, and so 
may be neglected), 

t dt nj I dI ^ , dt - , f I _ f dl t ot 

= 1 + 317 == T 
if for shortness wo put m for j the rate of expansion of the 
material of the rod for some given number of degrees of 
heat. And the doily loss of the olook, which wo may call 
(i T, will bo 4 j3,S00 m in seconds, whatever is tho length 
of tho poudulmn.* Tho following is a table of tire value 
of m, or the rate of expansion in length of the following 
materials, fur 10® of heat \— 


^Vhito deal 

•000023 

Flint glass 

‘..48 

Steel rod . - - - 

•....(id 

Cast iron 

*....00 

Iron rod . . - - 

*....7 

Brass . . - - 

■...10 

Lead. 

•...16 

Zinc , . . - 

'...17 

Mercury (hi bulk, not length) 

•..100 


* This same calcukliou will show us liow much a pemUihmi o\iglit 
to be ghoi-lcncd whea il loses, or lengthened whem it giLiuB—absuming 
the weight of the rod to l)o iinmut(!viid compared with the bob. S«i>- 
poso fur instance, that 32 threads of llic screw ara cuiitnined in au 
inch, and that the whole length I of tlic rod is '15 inches j then each 
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Thus for a common pendulum rod of iron wirCj we 
sec that for an increase of temperature of only 
10°=43300 X *00007=3 see.: or the clock wilUoso a minuto 
in three weeks j and if the penduliunis adjusted to go right 
in wintei'j it will lose about a minuto a week in summer. Even 
a (leal pemluliim would vary nearly a third as ;nucli ns this.* 

58. Wc want therd'ore some contrivance which v'ill 
comjtensale this expansion of the rod; that is, which will 
always raise the centre of oscillation of the pcndnluni as 
mucli as the expansion of the rod lets it down. If the rod 
liad no weight, and tlio bob were merely a heavy point, this 
M'ould bo the same thing as saying thnt the centre of gravity 
of the bob must be kept at the same height; and as iho bob 
of compensated* pendulums always is heavy in proportion to 
the rod, this is approximately true, and witli the addition of 
a small quantity, according to a simple rule, it is sufllciontly 
correct for practice. 

59. The moat simple kind of compensated pendulum is 
one in which the matei'inl -of the bob expands so much more 

thread, or eacli complete turn of the nut, will raise tho hob by a 
quantity which wc may, na above, call tir, and tho coitc.s- 

ponding daily nltci'ation in the time being = 43,200 »», ^7iU be just 
30 seconds. Consequently, if the head of the gcrow is divided, ns it 
usually is in regulators, into 60 divisions, with a pointer over them^ 
a turn of the screw ono division to tho r^ht or left will accolorato or 
retard tho clock half a second a day. 

* You must not expect to find this result actually take placo in a 
common house clock: the other causes of disturbnnco in such clocks 
are so largo, that they may either overbalance or aggravate tho eifcols 
of heat upon the pendulum rod. I believe they will generally bo of 
tlio former kind, since the heat makes the oil more fluid, which 
in the common recoil escapement will accelerate tho clock. 
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tlinn that of tho rod, that a boh of Bioderate length resting 
oil the bottom of the rod -will raise its own centre of gi’avity 
as much as the expansion of the rod lets it down. A deal 
rod, with a leaden bob about .^ths of its length, will be thus 
coinpongated. Eor the ratio of tho expansion of the wood 
to tliab of the lead is avc sec about and consequently 
a bob whoso centre is |th of the length of the rod from its 
bottom, -will com]iensato the rod. 

00. But wowant to knowhow much longer than the length 
of the simple pendulum the rod must be in order to carry a 
long enough bob. Let as before, be the simple penduhun, 
or (as ^VQ assume it to be) tho distance from the point of 
Busponsion to tho coniro of gi’avity of the bobj ai the addi¬ 
tional longtli required, or half the length of the bob j in the 
rate of expansion of tho rod, n that of the bob. Then 
tho expansion of tho rod downwards, mustss® n, 
the expansion of half tho bob upwards j ovw= This 
culoulntion will make the leaden bob of a S9 inch deal pen- 
diduni about 13 inches long, and the rod 45^. It is found, 
liowovLU*, on account of the difference between the centre 
of gravity and tho centre of oscillation, that the proper 
Icngtli is 14^ inches j and the practical rule may be given, 
to add •j’-.jrth to tho length of compensating material deter¬ 
mined by calculation on the hypothesis of the centres of 
gravity mid oscillation being identical. 

01. Tho principle of tho mercurial pendulum is exactly 
the aaniQ as that of the wood and lead. The rod is of steel, 
imd tbfe mercury is ^^^^Liron cylinder (in the best 

Xienduliuns) screwed to the bottom of the rod. Only it is 
to be remembered that tho rise of the mercury in the 
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cylinder will be diminishod by the lateral expansion of tlio 
cylinder itself, and consequently a rather greater height 
of mercury is required than that given by merely taking 
tlie tabular rate of its expansion. The old form of mercu¬ 
rial pendulum was that of a glass cylinder standing on 
a slij'mj) at the bottom of the rod. The chief advantage of 
tile iron cylinder is that it can be made of a more rcgidar 
sliope, and that it takes the same temperatiu'e ns the rod, 
and communicates it to the mercury more rapidly than the 
glass. Captain Kater, in his chapter oil compensated pen¬ 
dulums in 'Lardnor’s Mechanics' (from which the above 
table is taken), says ho has successfully employed, ns a 
cheap raerouriftl pendulum, one made entirely of glass, tho 
rod and cylinder being bloAvn in one piece. Tlic licight of 
mercury required in an iron cylinder is stated to bo tJ' 0 
indies. Tho beat mercurial pendulums aro actually tried 
and adjusted for compensation at various tomporatui'os, by 
adding or taking away mercury as may be required. 

62. But mercurial pendulums aio too expomsive for 
common use, and would cost nearly as much os tho clock 
itself, for pendulums weighing several cwt. j and wood 
is open to the objection that it is liable to twist, and can 
never bo completely protected from damp, which of coui'se 
alters its weight; and therefore some other kind of metaUio 
compensation is necessary. Now it will be seen on looking 
at the table, that the ratio of the expansion of steel to that 
of brass is '61. Consequently, if we can make a pendulum 
of steel and brass rods in the proportion of 1 inch of steel 
to *61 of brass, and so arranged that the brass rods carry 
the hob up while the steel ones let it down, it will bo com- 
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pGn3f\tcd. Tho only conveirieiit way of doing tliia, ia to 
inftke the brass rods (for there must evidently be ft pair 
of them, one on each side of the main rod) rest on a 
nut at tho bottom of tlm main steel rod, and hang ano« 
thor pair of steel rods from the top of tho brass ones 
to carry the bob at their lower end. Therefore the one 
length of brass has to compensate two lengths of steel j and 
since tho compensating rods must not reach above the 
point of auspenaion of the pendulum, it will be evident 
that this cannot be done with only one pair of compeu- 
sating rods; and in fact it can only just be done mth two 
pairs j for suppose the brass rods to bo quite as long ns the 
main stool rods, or all the rods to be of tho length m’t 
must have %ln the expansion of the brass rods upwards 
=3 8 tho expansion of the steel rods downwards} 
and shioo ^= 3 ‘61, this is only just possible} and if iron 
is used, iiisload of steel, it ia not possible, since the ratio oi 
Uio expansion of iron and brass is *7, which is more 
tlian -1. And therefore a completely compensated f/Mrm 
pendulum of steel iu\d brass requires nine bars (as the coni- 
ponsaiing rods must go in two pairs), and one of iron and 
brass could not be made with less than thirteen bars. OritU 
irou pendulums have now been superseded by those which 
I shall next describe. 

68. Tho greater expansion of zinc than brass obviates llie 
necessity for so many bars, the ratio of iron and zinc ex¬ 
pansion being only '41; and a very good and elegant amt 
tolerably cheap compensated pendulum can be made of iron 
and zinc rods; or, what is the more simple and common form 
of it, a zinc tube may be made to rest on the regulating nut 
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at the bottom of the main I'oclj iiiul this ziiK! tube cari'idH an 
iron tube fastened to itattli{5to2); niid carrying tlio bol) at (!ui 
bottom. In compenaatiou by rods it is miccH.Hary to adtl 
more than yV fbe leiigtli of /ine and brass given l)y llui 
calculation in § 00^ because the (liil'ennuu} betwetni tlu! cen¬ 
tre of gravity of the bob and tlu: ccaitiai of oscdllutioii of 
the pendulum is greater whore tlioro are ('onipeiisating riidn 
or tubes of considerable weighty tliau wlicri! the (:()iiip(nisa- 
tion is contained in the bob : in other words, tlie bob Ims 
to be lower to produce a pendulum cquivaieni to thti n;- 
quired simple pendulum when tlio rod is Imavy than when 
it is light. I find that for a 1-isoc. pendulum (88 inoliea), 
for which the zinc componeation, if the ccmtiuiH of gravity 
and oscillation were identical, would be fll'O iiiolii’H, it ih 
noccssoi'y to add nearly -J- to complete the conipeiiHiilion, 
taking into account the wciglit of the rod and tubes, tins bob 
being a oast iron oylindor a foot long; and the total lengtli 
of the pendulum, from the top of the spring to the bottom 
of the bob, requii'cs to be nearly 07 inches iii.sLoad of 88. 

61^ Thep is another kind of compensation, a(!omp(Hiiul 
of both the former kinds, which was invented hy Hineiilon, 
and was generally used by Holmes, a celebrated eloelcmak<‘r 
of the last century. The rod is of glass, and it carricH on 
a coUar at the bottom a zino tube about 1inolics long, 
from whicli is liung an iron tube, wliich earri(3S a Icsul 
cylindrical bob of the same length as the lubes ih(!in.s{!lv<'s, 
and enclosing them, so that ilio pendulum looks as if i(. 
had merely a glass and lead compensation. 1 ^vonder it in 
not more frequently made now that glass is olioup, tis it 
requires no polishing as a zinc and steel iienduluin (lo(!s. 



COMPENSATION POIl SPRING. 


89 


or is ilioiiglib to iloj and I sui^poso it is equally effective. 

Tt is evid(!ut tiiai the expansion of the aiuc and half the 
loiigth of the lead upwards has to compensate that of the 
glass uiid iron downwards. 

05. lii all cases a little additional compensation is re> 
rjuii’cd on account of the variation in the strength of the pen¬ 
dulum spring, which diminishes as its temperature iucreaseg. 
The amount of it depends upon the stiffness of the spring 
-with refc-rcncu to the weight of the bgb and the length of the 
p(’!ndnlunn and can only bo ascertained by trial. According 
to so\nc {ixperhnents published by Mr. Dent, compen¬ 
sation of the spring rec[uii’cs about Mb to he added to the 
tu’dinary compensation of tho steel rod in a seconds pendulum 
of tho usual weight} and consequently about half must he 
added to the compensation required for a wooden rod. I 
MU,told that in a short penilulum the compensation re- 
c^^uirod for the spring was a great deal more than ^ of that 
rccpiivcd for the steel rod; and indeed it is evident that tliis 
must bo tho caso, for the elasticity of the spring must pro¬ 
duce less effect upon the rate of a long penduhun than a 
short one of tho same weight j nud therefore in a 14 or even 
au 8 fo( 5 t pendulum the compensation required for the spring 
must bo very liiilo indeed compared with that of tho rod. 

00. It is evidontly a considecahlo advantage of a mer¬ 
curial compensation that it affords the means of actnaUy 
trying tho pendulum and adjusting it so as to compensate 
ttcouraLoly both tho variation of the strength of the spring 
and the expansion of tho rod at any two extremes of heat, 
by merely diminishing or increasing tho quantity of mer¬ 
cury; which cannot be done without a good deal of trouble 
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in. a pciuliiluia mado of solid metals. With the view of 
obtaining a cheaper mercurial compensation tlian that of a 
cvliiidor full of that metallliavc suggested the following 
method, which as far as I know is new. kfake a hollow 
cast iron ball with a short neck in which a piston fits very 
accurately. It is evident that if the ball is nearly filled 
with mercury and tlic piston can be made to fit mercury- 
tight, the expansion of the mercury vvill raise tlie piston 
through a licight wliich depends U])on tlic ratio of llie 
thiclcneas of the piston to the quantity of mercury U’liicli 
the ball will contain. Consecpieutly if the ball is flxed to 
tlie bottom of the pendulum rod by a tiling like a puni]) 
sucker, and the piston is made to carry the bob resting on 
& sliorfc cross bar, this apparatus may be used to componsato 
tlio pendulum, and will require only a small quantity of 
meroury. And as the depth of the piston in the ball does 
not signify, the quantity of mercury can bo varied nt 
pleasure; or it may be altered by putting bits of iron into 
the-ball in tlio place of so much mercury. The only dilil- 
culty is to make the piston mercury-tight, klr. Dent lins 
succeeded in doing this for a 89 inch pendulum, even v'itli 
such a lieavy bob as 70 lbs. I doubt however whether it 
would be safe to use this plan where tlio merciuy is con¬ 
stantly under such a heavy pressure as that; but perhaps it 
may answer for pendulums of twice tiie weight of those 
which are usually put to astronomical clocks at present, 
and of wliich the mercury alone costs £4 or £5. 

67. There are two other kinds of compensated pendu¬ 
lums wliioli have this peculiarity, that they do not depend 
upon the diiTcreiice of the rates of expansion of their mn- 
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iorials. T]ie first of them, the lever compensation, was it 
seems tried by Graham, the inventor of tho dead escape¬ 
ment, but Qbandoiicd by him for the very superior mercu¬ 
rial oompenaation j and was afterwards completed byHUicott. 
I have lately aeon it used in some small i'rcnch olochs, and 
tlierofore it may be worth describing. 

AO is tho main rod of iron, 

B D a lever resting on a fulcrum at 
0 fixed to the bottom of the rod. 

(There is aiioibor lever, exactly 
tho same, only set tho opposite 
way, which is with a portion of 
tho rod on tho left hand omitted 
in tho drawing for gi'cater clear¬ 
ness). A is a strong collar fixed to 
tho main rod anywhere near the 
top, Between this collar and the 
short end of each lever is put a 
bar, citlicr of brass or iron, and 
tho bob is supported by pins or 
rollers 1) resting on tiio long ends 
of the two lovers, Now if the 
ratio of the long arm to tlio short arm of each lever is tho 
same aa that of tho amount of expansion of tho rod AB to 
that of the miiiii rod, it is evident that tho bob will bo kept 
in tho same place. Theoretically A may be anywhere, and 
AB may bo eitlicT of iron or of brass j but the loss ex¬ 
pansion A B hos tho shorter must be tho short arm of tho 
lever, whioh is objectionable for several obvious reasons. 
A more serious objection to tho pendulum altogether is 
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that, on account of the friction at D, wliicli is sliding 
fi'iotion of a had kind, the bob was found to move by 
jumps, and moreover the compensating rods must be very 
thick to avoid bending. It liaa indeed been proposed to 
remedy tlus by supporting the greater part of the weight of 
the bob on a spring, and leaving only just enough weight 
on the levers to keep them to their bearing; but it is com¬ 
plicated enough aheady, and can have no advantage over the 
more simple zinc compensation, until the laws of nature 
are altei'ed, and all mettds expand equally. 

68. The other kind of homogeneous compensation is, 

I think, but for ono practical difliculty, much more pro¬ 
mising ; for if tliis difficulty can be got over, it wotild 
afford the means of compensating a pendulum 60 feet long 
and a ton in weight, with as little trouble and expense 
as a small one, as well as a very convenient method of rou- 
Icing the finer adjustments for time, without stopping tlio 
pendulmn. If the penduliuu spring, iiistoad of bending 
from a fixed point, is passed through a slit in a fixed cock, 
and is itself carried by another cock above, which admits of 
being raised as much as the pendulum increases in length, 
the effective lenglli of tho pendulum •will evidently remain 
the same. Therefore if the upper cock is made to slide in 
a vertical grove and rests upon an upright bar of tho samo 
material and length as the pendulmn, standing on a film 
support at the bottom, tlie expansion of this bar upwards 
will exactly compensate the expansion of the pendulmn rod 
dmvuwards. And in favour of lliis method it is said that 
if the bar and the pendulum rod are taken from tho snino 
piece, we are sure tliat tlieir rate of expansipn will be tlio 
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samcj whereas no two experiments with different pieces of 
the same metal give exactly the same result. Hut as this 
rod acts hy pushing, not by pulling, it would have to be 
very thick to support the cock for a long and a hcjavy pen¬ 
dulum without bending. 

GO. The same object might however be effected in ano¬ 
ther way and v-ith several incidental advantages, provided 
the objection I shall mention can be removed. Let the 
pondulnm be hnng from a fixed cock A as usual, only a fe^v 
inches higher, and with the spring reaching a few inches 
above the end of the pallet arbor. BCD is a cast iron 


lever with its pi¬ 
vots at C turning 
in two Vs in a 
strong cook ffrjnly 
fixed to the wall. 
At one end 1) is 
fixed a wire or rod 
DEI’ of the same 



length and mate¬ 
rial ns tho pendu¬ 
lum rod. A sejua- 
rod portion of this 
rod jiasses through 
tho cock E to keep 
it from twisting, 
and ends in asorew 
passing through 
another eockE, and 
lias a nut 0 below. 
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E and I -would be cast all in one piece and fixed to the wall • 
The other end B of the lever at the same distance as D is from C 
is so made as to clip the pendulum spring, but not so tightly 
tliat it cannot slide under a moderate pressure; and in order 
to produce this preasiue and keep the lever steady, a -weight 
W is hung on to that end of the lever. Then as the pen- 
duhinr rod lengthens, the compensating rod lengthens too, 
and lets the weight W pull down the end B of the lever, 
and so makes the effective length of the pendulum the same 
as hefore. As the motion would not have to bo quite -aV of 
an inch to compensate a 14 feet pcnduhira for 40° of heat, it is 
not of the least consequence that the end of the lever moves 
inn, circular are and not in a straight line; and the longer tlui 
ponduliun is the longer the lever should be in order to dimin¬ 
ish the curvature of the arc which its end lias to describe. 

The practical objection to this kind of compensation, to 
which I referred, is, that any alteration in the length of the 
spring is found to affect the rate of the pendulum, not uiii- 
fornily, but in some variable way which is not reducible to any 
fixed law. This is entirely an cxi)erimental question, and X 
have no mea-ns of knowing to what extent this variation tako.s 
place, or wlietlier any experiment exactly similar to this lias 
hceii tried, I do not suppose that this compensation would 
he equal to the othem; but considering the advantages of long 
and heavy compensated pendulums over short or uncompen¬ 
sated ones, and the impossibility of compensating very long 
pendxdums at a moderate expense by anyof the usual methods, 
I should be inclined to try it where the building affords facil¬ 
ities for a pendulum ns long as 21 feet (2^ sec.), such as there 
is in Doncaster Church, -with however a very inferior clock. 
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quite unfit for the Avork it has to do. I may add that when 
the tower shakes under the ringing of the bells, as nil 
towers that have not spires on them do Avitli a heavy peal of 
bells, a long and heavy pendulum is especially necessary.* 

70. There arc afeivothcr matters relating to pendulums 
which may as well be mentioned here. l*’ir.st ns to their 
shn])o. Until lately pendulum bobs, except mercurial ones/ 
wore almost universally of the shape of a common magnify¬ 
ing glass or lens, and such pendulums are therefore called 
Icniit'ulur. This sliape was adopted on account of its pas¬ 
sing through the air with less resistance than any other 
figure that could conveniently boused. Hut they are liable 
to this objection i if one of these bobs Avere set on a rod 
with its broad side instead of its edge toAvards the direction 
of motion, the pendulum Avould vibrato in a different time 
(independently of the resistance of the air), because the 
moment of inertia of a circular plate turning round an axis 
pla(«d anyAvlu'-ro at right angles to its plane is greater than 
if the same axis Avere placed in the plane. Conscrpicntly if 
tile pendulum rod should from any cause get so placed or 
twisted that the lenticular bob (which approaches to a flat 
plate) docs not always vibrate with its largest or central 
citolc in the plane of motion of the pendulum rod, the time 

* I take this opporhmily of oorreoUng a luislnko ia SoAithcy^a 
AToU-knowu book cnllocl Jflie wlinrcin lio Inmeiits over tlic re¬ 

moval of the old ponl of bolls in Donensi.er Church on account of iho 
inability of iho lower lo bear them any longer. Tlio old peal wag 
removed in 1835, but only to ho recast, lUo Iavo largest bells being 
craeked ; and Ihc iicay peal was put up in the same year, and is one 
of the heaviest poala of eight in the kingdom, the tenor weighing 
33 cwt. 
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of vibration will vary; and in nearly every common fjlo<ik 
the bob of the pendulum maybe observed to have that him! 
of hvistiiig motion which ia familiarly termed wobbling, ('es¬ 
pecially when it swings a large arc. 

But this tvdst of tlie bob can produce no eihict upon 
the time of vibration, if the bob is a cyliiuhn’ or any other 
solid of revolution having the rod of tlicj pendulum for itts 
axis. And the penduliuu is also less likely to acquirt! llmL 
motion, if tlie bob is such a solid of revolution, than if it 
presents a surface unequally exposed to tlio rcsistanct? of Iho 
air, as the lenticular bob docs if it is over so little IwislctU 
A sphere (wliich Holmes put by Smeaton^s ndvic(i to tluv 
Greenwich Hospital clock) is inconvenient, not only bccmiHCJ 
of its requiring so much undth for the pendulum to swiiif' 
in, but because a slight error in making the liolcfor Lh(! roil, 
which throws it out of the axis of the sphere, causes n 
greater disproportion between the mass on each side of (Jh! 
rod than in a longisli cylinder or a prolate s))heriod bavin;' 
the rod for its axis. Therefore upon the whole a eyliiulcr 
is probably the best simpc for tlic bob; and tliero is no 
objection to its top being made a portion of a S 2 dn}rc, wlu'ji 
the bob is made of cast iron, ns it rather iminoves Ihci iijj- 
pearance, and also prevents anything from settling upon Uu^ 
top, as sometimes liappens in church clocks, with bits of 
mortar and the like, the effect of which v'e shiill sc(i ]ji' 0 “ 
sently. Tlie pendulum of the clock in the frontispi(;oi^ in 
of this shape. It may be convenient to state thni, a cast 
iron cylinder 9 inches wide and la inches high, with ti 
spherical top rising a.inches more, and a hole a inches widi! 
all through it for the compensation tubes, iveiglis a cwt. 
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witliin a very few pounds) and tlio centre of gravity of the 
bob is about 7 ? inches from the top. 

71. The next point is the regulation of the pendulum. 
The common and well-known method, is to raise the bob 
by a screw at the bottom of the rod when the clock loses, 
and to lower it when it gains j and tlic quantity hy whicli 
tliis must be done for any given loss or gain of the clock 
may be determined approxiniutdy in the manner stated in 
the note at page 83. But it is diflleult to do this without 
stopping, or least disturbing llio pendulum, which requires 
the clock to bo set again) and therefore two other methods 
are used for mnlcing the Ilnor adjustments in regulators and 
in tui’i’ct clocks with licavy pendulums, wliich require a strong 
and coarse thread to the screw, and must be held steady wliilo 
the screw is turned to avoid twisting the ponduluin spiing. 
One is, to have a small weight sliding on the rod and kept 
in its place by a spring collar, which allows it to bo moved 
up and do^vn by n blow with a small hammer) raising it 
accelerates the pendulum, only in a much smaller de¬ 
gree than raising tlie heavy bob, and therefore it admits 
of gi'catcr accuracy. Tlic other method is to have a few 
small weights to lay on the top of the bob; adding them 
of course raises the centre of gravity, and of oscillation, 
atid accelerates the pendulum; if they v'cre put at the 
bottom of the hob they would produce the contrary effect. 
"When the bob has a round top tlic little weights may ho set 
on spikes (of which tlicrc should bo a pair, one on each side 
of tlic rod), or in a cup, or on a ring on the top of the bob, 
Tho amount of acceleration produced by any given 
small weiglit put on the top of the bob, will evidently vary 

F 
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with the length of the bob directly (that is with the height 
above tlie centre of gravity or oscillation at ^vllioh the little 
weight is placed), and the liaigth of the rod, and the weight 
of the bob, inversely. Let I as before bo the length from 
the top of the pcndnlnm to the o.g. of the bob (aasiiraing it 
as before to be identical with tho centre of oscillation), b 
the distance of the e.g. of tho bob from its top, M the 
weight of tho hob, ui the little weight to be added, and dl 
the quantity that the c.g. is raised thereby; then it is 
easily proved that dl if put r for Anti 

as in ^ 67, tho corresponding daily acceleration c7T will 
— in seconds. Suppose,for example, that -I = 

(as if ^ is 88 inches, a 1^ second pendulum, andi^T^in,), 
M = 3 cwt., andfl» = llb,; = see.; 

or an ounce weight put on tlie bob of such a pendulum 
would accelerate it Just ono second a day. Tlic pendulum 
of the Exchange clock, a 3 seconds pendulum with a bob 30 
inches long aud weighing above 8 cwt., was regulated some 
time ago by putting a penny on it. 

We may now leave the pendulum and escapement, 
wliich may be considered the mathematical parts of a clock, 
and retmn to the consideration of the merely mechanical 
parts. 


HAEUISON^S GOING BAEKEL. 

73. The goueral construction of the going or time¬ 
keeping part has been explained already (18). But for 
clocks that are to keep accurate time, there is yet sometliing 
wanting) viz., a contrivance to keep them going while they 
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are being wound, up, for that of course takes tlio action 
of the weight off the clock, and so tiio scape-wlieol will not 
escape unless some equivalent pressure is applied to the train. 
In common house-clocks and the cheapest watches there is no 
such contrivance, and they stand still wlvUe they are wind¬ 
ing up j but in all others tlie apparatus which is applied for 
tlio purpose is that invented by Harrison, niul called the 
going larrel, or ratchoU, in w'oight clocks, and the gohig 
f^csce in watches and spring clocks. Tliis drawing sliow’s 
the arrangcnientof 
it. The barrel with 
its ratchett and 
click arc tho same 
aa before ex¬ 
plained; but tho 
click 0 is not now 
placedoii the great 
Wheel, but upon 
another wheel rid¬ 
ing on the arbor 
of tlio barrel be¬ 
tween tho great 
wheel and tho barrel ratoliett: this wheel lias also ratchett 
teeth cut upon it, but turned the opposite way to the barrel 
ratchett, as shown at H, and the dick It 0 belonging to it is 
a long arm turning on a pivot 0 in the clook-frmno; and 
tills second ratchett wheel is connected witli tho gi‘eat wheel 
in any convenient way by a spring S S, having one end fixed 
on the ralchott wheel, and tho other oiicl pressing against a 
pin on the great wheel. Tlio action is this: while tlie 
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clock is going, the weight pulls the harrol and both 
ratchetts to the left, and the going rnlclictt, by menus of 
the spring S S, presses the great wliccl in tlio same diree- 
tioii; and as the clock goes on, one tooth after another 
of the ratchett U slips under the long click, and this causes 
tile di'op wliieh may be heard about every five minutes 
in regulators and in good wntclies^ ‘Wlioii the weight 
is taken off the barrel by winding up, the going ratclujtt 
immediately flies back a little towai’ds the right, but is 
stopped as soon as one of tire teeth arrives at the click, and 
there it is held j the spring continues to press the great 
wheel as before, with nearly as much force as when the 
weight is acting, and so keeps the wheel in motion for the 
short time that the dock is ivinding up. 

BIAi WOEIC. 

73, The only thmg tliat remains to be described in the 
going pai’t of clocks is the dial work, or the machinery by 
wliich the hands are moved. Tiic minute hand is sot upon 
the sc[uare end of a socket or pipe, which fils ratlier tightly 
on the long projecting arbor of tlie centre wheel. It must 
not be quite tight, or the hand could not be put forward or 
backward when the clock wants altering j and the requisite 
degree of tightness or friction is obtained as folloivs. 
The pipe on wlvich tlxe hand is set is about an incli long, 
aiid 1ms a wheel fixed to its otlier end (the use of which will ■ 
he described in the next section, and which may bo called 
the hour-wheel), and the pipe slides on to the arbor pretty 
easily j but before it is put on, a slightly bent oval spring, 
nearly as long as the diameter of die wheel, with a square 
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holo in the middle^ is slip^ied on to the arbor with the 
concftvo side outwards, and tlie square hole fitting on 
io a corresponding square, cut for about ^th of an 
inch on tho arbor, so that the spring is always ear- 
ritsd round with the arbor j then tho pipe is put on, and 
ilio wheel rests against tlie concave side of the spring; then 
(omitting tho hour-hand for the present) tho hand is put 
on, and generally a small cap or collar in front of it; the 
collar is pushed hack so as to force the wheel more tightly 
against the spring, and a pin is put tlu-ough the end of the 
arbor just in front of the eoUar. It is evident, therefore, 
that tho hand and its pipe will be kept steady on tho arbor 
by tho pressure between tho collar and the spring, and the 
fi’iotiou of tho spring upon the hour wheel, but that it can 
bo turned when necessary. Sometimes tho hole in tlie 
spring is left round instead of squai’e because it is less ti-ou- 
blo, but it is a slovenly practice, and it requires much more 
pressure to produce the same degree of steadiness when the 
friction of tho spring acts upon the small diameter of the arbor 
than wliou it acts upon the largo diameter of the horn’ wheel. 

7d. Besides carrying its own hand, tho long hand pipe, 
and tho wheel belonging to it, have to turn the short hand, 
and also in striking clocks to let oiT the striking ])art. The 
form of hour-hand which was formerly used in regulators is 
tills t tho minute-hand socket has a pinion on it, and this 
pinion works a largo wheel with twelve times as many teeth 
as tlio pinion, winch thoroforo turns round once in twelve 
hours; this wheel has the twelve houi’s engraved upon it, and 
there is a hole in tho dial though which the figures appear, 
and a stationary hand or index pointing to tho proper figure. 
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This might have been done in a still more simple wny, 
and -without incuii'ing the fiction of that-whcol and pinion, 
by setting the horn' circle on the arbor of the great wliccl, 
wliich turns in twelve hours. It is of no consequence thnt 
it -would be turned with the arbor in -winding up, bccuTiso 
you would only have to stop -winding at a place which would 
leave the proper figure of the hour circle under tho index. 

These moveable hour circles are now abandoned, oi» 
acco-unt of the small figui’es moving past a hole being so 
much less easy to see than a hand moving in the usual way. 
The now obsolete dny-of-thc>month wheels, which required 
setting for five months in tho year, showed themselvea 
tluough a hole in the same way. But if a hand wa’o 
merely put in the place of the moveable dial, it would turn 
the wrong way, that is tho opposite way to tho other hand 5 
and therefore an intermediato wheel is now put between tlm 
pinion of the minute-hand socket and the hour-hand wheel, 
and the multiplier 1% (when there is no strildng) may bo 
divided between these three wheels and their pinions as wo 
please; and in regulators the lioui‘-hand usually points to a 
separate dial, or set of figures engi’aved on the lower part of 
tlm large dial, and coiTcsponding to the small dial for tlio 
seconds-hand on the upper part. 

There is another way, which is sometimes adopted, of 
working tlie short hand on a separate dial, and without tho 
intervention of tliis second wheel, viz., by putting tho \\mxd 
upon an axis which goes through the frame of tho clock, 
and carries a wheel working into another equal wheel fixed 
on to the great wheel, wliich tuima in twelve hours, Tho 
great wheel itself is so large that it would be inconvenient 
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to liave aiiotliei’ of tlie samo size working into and tliis 
ia tlio reason of this oilier wlieol being fixed to it. Tliere 
is so mucli less friction in tins way of working the honr 
hand directly from the gi’cat wheel than by going up to the 
centre wheel and tlion down again by two more wheelsj that 
I wonder it is not more commonly adopted. The only 
objection to it is that if the hands want setting they must 
be set separately; but a regulator clock requires so little 
alteration that tho hour hand never has to bo meddled with 
unless die clock has been allowed to stop. 

7B. All these methods howovor arc different from that 
which must bo used ^vhen both the hands tuni on an axis 
in tho middle of tho dial, as they do in all docks oxcopt 
natronomioal ones, and somotimes in thorn. Xu that case 
there is a wheel of die samo size as tho wlicd we have 
otiUod tho houi’ wheel placed by the side of it and driven 
by it, and tlioroforo turning tlio wmig way once in an hour, 
and having on its arbor a pinion vatli six or more leaves 5 
this wheel may be called tho reversed hour wheel. Its 
pinion drives a wheel \vitli twelve times os many teeth, 
winch is fixed to a socket or x^pe riding on the former one j 
and this pipe carries tho hour hand, and will evidently turn 
in tho right direction once in twelve hours. This hour 
hand xnpe is not indeed really carried by the minute hand 
one 5 for in order to take tlie weight of it off tho centre 
wheel arbor, it rides upon another fixed socket or pipe sur¬ 
rounding tho minute hand pixie and set upon a cock which 
extends over the minute hand wheoT and is screwed to tho 
frame 5 this fixed cock and pipe are called a cannon. So 
that the aiiparent central axis of tho hands of a common 
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clock consists, first, of the centre wheel arbor; secondly, 
of the pipe to wliich the long liand is fixed; thirdly, of the 
cannon; and fonrtlily, of tlie hour hand pipe; and, fifthly, 
if there is an alarum to the clock, of tlio pipe to which tlio 
little alarum dial is fixed, tfiris arraugemeni of the dial 
work is the most clumsy part of English' and Erenoh cloclcs. 
It is done better in the American; and I shall propose 
what I think a still better arrangement of it, in § 87, in con¬ 
nexion with another alteration of tlio usual construotion of 
eight-day clocks. . Occasionally the seconds hand is also 
set upon a thin arbor mthiu all tho others and travola 
round the large dial, instead of having a small one to 
itself s tliis is a very bad practice on account of tho in¬ 
creased friction wliioh it causes, and such clocks aro rarely 
made now. 


EQUATION CLOCKS. 

76. The things called JSguaiwt Clock belong to tlin 
subject of dial work; for they aro (or rather wore) clocks 
for showing, but not going, true instead of mean solar 
time; wliich was dono by communicating a secondary or 
superimposed motion to the hands, so as to advance or 
retard them according to the equation of timo for every 
day in tlie year. They were never in common uso in 
England, though they hove occasionally been made ns 
curiosities; but Mr. Yulliamy says in his pamphlet before 
quoted, that until December, 1820, ^all the Erench publio 
clocks of any repute were made to show solar timo.^ Tlio 
machinery by wliioli it was done was, as may be supposed, 
complicated; and as it is perfectly useless, and worse than 
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useless, and a description of it may be found in Eeid^s 
Treatise on Clockmakiug and otlicr books, I shall not 
doacriboit. Por house clocks there appears to have been 
a somewhat more simple method of doing it, by making the 
dial itself revolve slowly, according to the equation of time, 
while the hands went umformly in the usual rvay. The 
dial would have to turn about half round between November 
and Eebruary, the figure XII appearing nearly at the usual 
place of IX in November, and at III in Eebruary, with 
other smaller oscillations in tine remaining nine months. 
And after all the ingenuity thrown away upon these con- 
trivancos, true time could not be sliown by any of them as 
accurately aa by a common clock, with an equation table 
such 08 that priiiicd at pago 11. Por tlic equational motion 
was, in aU the plans, communicated to the dial or dial work 
l)y moans of a plate of an irregular oval form set upon a 
wheel revolving in a year; the form of the plato was such 
that the radii, from the axis on which it turned to the 
edge of the plate, were proportiouato to the quantity by 
wliich the clock ought to be before or behind tho sunj and 
the plato as it revolved pushed some moving frame work 
fartlfbr from the centre or nearer according to the time of 
year. And itis evident tliatno greatncouvacycouldbo ob- 
tained in this way except upon an iiicoiivonicntly large scale. 

MONTH AND YEAH CLOCKS. • 

77. Occasionally clocks aro made to go for a month or 
oven a year. This is done merely by tho addition of one 
wheel or two below the usual groat wheel, and increasing 
the weight to four or forty«mx times as much as usual. 
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Occasionally two barrels are used, to avoid the great strain 
upon the teeth of one great wheel and the adjacent pinion. 
One string is then sometimes made to run off both barrels 
together, can'ying one weight between the two lines j which 
however has a pulley for tlie string to pass through to 
keep its tension equal, though tho pulley has no sensihlo 
motion. The barrels will of course tui'ii half as many 
times round in the month or year as if one end of each 
suing was fixed to tlie frame in the usual waj^, and the ono 
weight was divided into two. Clironomeicrs aro also made 
to go long periods iu a similar way, by tho use of two nr 
more maiu-spiinga to drive one wliccl, ns this scciircs 
greater uniformity of force tlian one very strong spring. 

THIRTY-HOUU CLOCKS. 

78. These clocks are seldom made now as English oi* 
Trench house clocks. Most of the Dutch and many of Iho 
American clocks however are so. ^Ylien a thirty-hour 
clock winds up with a key like other clocks, in order that 
it may have only three wheels in tho train, the jninutcj 
hand arbor does not belong to n wheel in tho train, but lo 
a superaumerary wheel, wliich is driven by the great wheol 
in the same way as in one of the methods I describcil for 
working the horn' hand of an astronomical clock, and thci 
great wheel turns in two or tluee liours. In tho IJutoh 
clocks and' the old English thirty-hour clocks, tho arbor 
of the great wheel is not used to wind up by, but coiuca 
tlu’ough the frame and carries a wheel wliich works? thu 
hour and minute hand wheds botli together, being smnllor 
than one and lai'ger tlian the other i or some equivalent 
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fiiTniigemont, of wlucli many varieties may be conceived. 
J^or ns the arbor of tlxe great wlieel is used to carry tliis 
dial working wheel, it evidenUy cannot be used also to 
wind up tlic barrel j and aeoordii^Iy instead of a barrel 
tlicrn is used a sort of deep puHqr with spikes in it to 
prevent the rope or chain from slipping: tliis pulley is not 
iixod to the arbor but rides npoii it, and it is connected 
witli tlio great wheel by a ratchett and click as before des- 
oi'ibod. One ond of tlie rope carries the clock weight and 
tho other ond a little we^ht merely to keep the rope steady 
and to lake hold of to pull up the great weight by when 
you v'ind up the clook. 

7D. Thorois however another way of applying tliis sort of 
spiked puUoy, whioh 
deserves noticcoii ne- 
couiitof itsproduoing 
tho curious effect of 
keophig the weight 
noting upon the clock, 
at the same time that 
it is being wound up. 

Itiacalled tho endless 
chain of fluygens. 

P is the K])iked pulley 
fixed on to tho great 
wheel arbor, not now. 
by a ratohott and 
click but rigidly; j) 
another spikedpulloy 
whiclimay ridccither 



















108 


CLOCKS. 


on the same axis or on any other conveniently placed, and 
having a ratchett and a click fixed to the clock frame, lirn 
endless chain alcd passes over both pulleys, and in tho 
loop formed by gH on the right side of both pulleys it car¬ 
ries the weight W hung by a common pulley; a liiilo 
counterbalancing weight lo is hung to the other loop ab s 
this little weight is sometimes merely a large ring hung ou 
to the chain. Now if the string h is pulled down by hniul 
it will pull up G and so raise tho weight W, which being 
hung by a moveable pulley will nevertheless still press upon 
the stiing d and so keep tho clock in motion l^y pressing 
on the right side of tho principal pulley P. If tho clock 
has a sti’iking part, ^ may be the pulley of tho groat ■wheel 
of that part, tho click being fixed to that wheol; and then 
the clock may be wound up at any time when it ia not 
stidking. Only in that case it must bo reinomberod tliafc 
the weight will descend in half tho time that it descends in 
when tlie pulley p never has any motion to tho right, or 
the click is fixed to the frame; and the same will bo tho 
case with only a going part, if tho click is fixed to tho 
gi'cat wheel instead of to the clock frame, for then both 
pulleys will tuim together; but while tho clock is being 
wound up only half the weight ^vill then act upon the grcfti 
wheel. 

SPRING OLOCICS. 

80. There is yet another kind of- clock, which difibra 
from all that I have yet described in having for its main¬ 
taining power not a weight but a long spiral spring, wliioli 
is coiled up in a box or barrel as tightly as possible when 
it is wound up, but with room to uncoil itself for n few 
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tmns of the barrol, in doing which ifc moves the train 
■wliicli is connected with the barrel just as a weight does. 
Tho simplest construction, which is used in all the French 
clocks and watches, is this: the great wheel is lixed to the 
bai'i'ol that contains the spring j the outer end of the spring 
being fastened to the bari’el, and tlie inner end to a strong 
arbor which goes tlu-ough the barrel, turning in the caps of 
the barrel, and ends in the. winding square, and also carries 
a ratchett wheel, of which the click is fixed to the clock 
Iraine, to hold it as you wind up. And fhei-efore tlus 
kind of olook roquhes no maintaining power to keep it 
going while winding up } for the tension of tlie spring is 
noting upon the barrel at that time ns much as any other, 
in fact rnthor more. But on the other hand the force of 
the spring is much greater when it has been just wound 
up, than when it is nearly run do>vn j with however this 
temorknblo, and apparently anomalous exception; that it is 
found that there is a cortdn position of the spring in 
which its force is nearly the same for three or four tui-ns, 
but no more. Consequentiy, as a watch only requires* a 
few turns to wind it up for a day, the variation in force in 
Ifrench watches is slight, compared with that in the clocks 
wliioli go n week or a fortnight, and in wliioh the spring 
has many more turns to make than in a watch. Tins is 
one reason of the inferiority of French watches, and still more 
so of clocks, to English ones, both in pi-ice and quality. 

81. For tliis inequality of force is removed in English 
spring clocks and watches by the use of what is called the 
fusev, The fusee is nearly n cone, that is to say, n cone 
whose slant side is concave instead of straight, with a spiral 
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groove cut round it from one end to tlxo other, ns on tlio 
barrel of a weight-clock, for a string or chain to run in. 
Tlie spring is enclosed in a barrel as before, but the baiiel 
does not carry a wheel, and its ai’bor, instead of being used 
to wind up by, has a ratclictfc and click merely for tho 
purpose of adjusting the tension of tho spring. A catgut 
cord, or a chain, is wound round the barrel, and the loose 
end of it fastened to the thick end of the fusee, Tho fusee 
is fixed upon the ivinding arbor, and has tlic gi’cai wheel 
riding upon it with a ratcliett, just as the gi’CEit xvliccl of a 
weight-clock rides on the barrel arbor j and tlio best clocks 
and watches have a 'going raiclictl* also. As the fusco is 
wound up, it di’awa the cord off the bnii’cl along tho groove 
until it is all wouud off the spring ban’el on to tho hisco. 
And it is evident tlxat when tho tension of tho spring is 
greatest, it is pulling at tlie thin end of tho fuaeo, and when 
the tension is least it pulls at the tliick end j and Lliercforej 
if the radius of the fusee is made to decrease, as the force of 
the spring at the corresponding point of winding up iii- 
ci;pases, the force commiuiicatcd to the gi'cat wheel will be 
constant. 

83. In order to prevent the cor'd from being broken by 
over-winding, there is a kind of lever fixed to tho frame, 
with a hook to it, so placed that as the cord advances to¬ 
wards tho thin end of the fusee, it pushes this lever aside, 
80 that its hook catches liold of along tooth projecting from 
tlie end or cap of the fusee, and stops it from being wound 
up any farther. As the cord recedes again, tho lover is 
allowed to recede under thepressm-e of a small spring beliind 
it, and by the time the fusee lias made one revolution, fell© 
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l^ver and its liook have got out of tlio way of the long 
tootln 

83. Probably few readers of tills book require to be told 
the chain of a watch or a spring clock is likc> but it is 
pi'Ojier to describe it in a 'radhneutnry treatise.’ It con¬ 
sists, then, not of links set across each other, but of plates, 
^■texnntcly one and two, riveited together j but the hole in 
hHo single plates is so large tliat tho rivet docs not stick 
tiglitly in it, 

I'lei’o are two 
p Exits of iinksj 
d.rawii on a scale 
Wliioh tho reader 
xviU tliink more 
aion bridge than of a watoli or oven a clock, . A chain of 
tills kind novel' twists, but will only bond in a plane (or 
ixoarly so) parallel to the plates of wliicli it is composed, 

84i. These clocks are most frequently made to stand on 
Et bracket, and always of such a size that thoir pendulums 
ctvn only bo about 10 or 18 inches longj and as their bobs 
sxre small also, wo know wlint the result must he as regards 
tlieir accuracy. liowovor, wliou they are well made, ivith a 
■fusee, and not exposed to a temporaturo which freezes the oil 
(which is much above the freezing point of water), they wiW 
go ncai'ly as well as a coamely made long clock of the old 
fnahioned kind. Sometimes they reci^uire a good deal of 
■fcroubio to sot tliem so as to beat equally, for if they arc not 
so sot, they arc very likely to stop, as they have generally, 
and tho foreign ones always, very little foico to spare. Tina 
X»ositioii is not, as is commonly supposed, that of actual ver- 
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ticality; but merely of vertioality relatively to the escape¬ 
ment j they ought indeed to coincide, but they frequently do 
notj and consequently id!ter the bracket .has been made 
quite level, it is found eitlier that the crutch •wants bending, 
or the clock raising on one side by bits of card. They oi'c 
much more likely to stand steady, and also easier to adjust, 
if the two liind feet ai’e taken off, and one put instead in the 
middle between where they were. 

85. These ai’e now almost the only English clocks 
(except regulators) that find any sale; and even these arc 
getting fast superseded by the better class of Amcrica!i 
clocks, and by Erench ornamental clocks, neither of wliich, 
however, ■will last nearly so long. With the latter it is no 
doubt q'uite hopeless for us to compete, as, besides the 
greater cheapness of thdr labour, the Ercnch appeal’ to pos¬ 
sess what I may call a smaller eye and finger than English 
workmen, and they are able to perfonn delicate and orna¬ 
mental workwth much greater.quickness and facility. And 
as those who chiefly regard the beauty of the figure of their 
clocks seldom care much about their entrails, they consider it 
of no consequence that a good English clock is better for tlic 
natural object of a clock than a foreign one. ’Whether it 
wonld be possible to mawnfaetme clocks on a largo scale aa 
cheap as the American ones, I am not able to judge. I have 
been told that, but for the cases, it would. But unless tho 
English clocbnakers take somo steps towards either altering 
the kind of clocks that they make, or can find out somo 
cheaper mode of making them, there is no doubt that thoro 
will soon he no house clocks, except regulators, made in 
tliis countiy. The old-foshioned, full-length house clock is 
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now nearly exploded, on account of its ugliness, size, and 
(Icanicss, ns com])nred \vitli tlie American clocks, wMcli go 
sufllcicnily well for ordinary purcliasers. 

one wlio has seen the inside of an American clock 
can lielp seeing tliat ours ai'c unnecessarily heavy, and "waste 
n great deal of the force in merely overcoming their own 
inertia and friction. An American clock goes a week -with 
both tlio "Weight and the fall for it not half of "what they are 
in the common English clocks; and as a lai’ge pendulum 
retiuiros no more force to keep it going than a small one, it 
ia Bvidont that about fths of the moving power in our 
clocks is wasted, (The commendation of the American 
uloclcB cannot be extended to the fixing of their pendulums, 
which ia os bad as possible.) I have also seen some veiy neat 
l‘‘ronoh clocks, about tho same size as the American, but 
inuoli morn highly finished, and "^vith dead escapements, 
going a week with a very small weight. 

80. A. clock might bo made very much better than 
any English spring clock, or any of the foreign ones, and 
qiiit(i ns cheaply ns the old long clock, and at least equal to 
it in performance and very superior in appeaiunce, and 
iUerefore more likely to sell, by making the case only of the 
length required for a seconds pendulum. This may be done 
in three ways: 1. liy hanging the weights by tlnee strings 
instead of two: the lower pulley should be let into the 
weight instead of occupying tlie height of S or inches 
above it, and should bo as broad as tho space between the 
weights will allow. I have converted an old long clock 
into one of Hlirce-quaiter length^ in this way, and cut off 
the large and ugly and useless pedestal of the case. The 
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second nietliod is io make the biui’el |ds of tlio usual diame¬ 
ter j and the tim’d and best is to make the number of tealb 
in the gi’eat wheel half as many again. Or tho second and 
third methods may he combined in any convenient propor¬ 
tion. In all these cases of course the wciglit will havci io 
be half as large again, except that, as I said before, it is 
now unnecessai’ily heavy, because the wheels arc so. I may 
obsei’ve also that the tliird of the above methods will re¬ 
quire a barrel of only fds of the usual length, and theredoro 
all the arbors and the space between tho plates may l)i5 so 
much less. Mr. Dent now makes nearly all Ihs rcguliitori^ 
ill tills way, and such clocks take up no more room, except 
in length, than a common spiing dock; and for all tho 
reasons I have mentioned I beg to suggest the adoption of 
tliis size of dock to both tho makers and the purchasers of 
docks} the faces should ho about tlio same sizo ns those of 
common spring clocks; one door selves for tlio body mul 
face, or the whole of the front and sides talce off at once. 

87. And with this alteration I thiuk there may very 
well be combined that alteration of the dial work whiolx I 
referred to in § 7 5, as it utU also lielp tlio ai'rangomciil of 
making the ban-el to turn only 11 times instead of ].<3 in 
8 days. Tliose who are nequaiated ■with tho Amcrienn 
docks will see that this plan is partly borrowed from thciiii. 
Tlie arrangement will be pretty clear from tliis drawing. 
The scape wlied and second whed will be worked by tlie 
centre or 90 minnte whed as usual, which may have 70 
teeth driving a pinion of 7 on the second wheel with b 
teeth driving the scape wheel pinion of 6. I adopt those 
small numbers on the supposition that all these di-iven 
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pillions ai'O to bo loAitmi pinions, as tlioy are in tbo Ame¬ 
rican oloclca, wlvicli is ono of the reasons of tlieii going 
witli suoli small woiglits, as will be explained in § 1S6 * on 
llio tcotli of wlicda.^ Xlio pinion of 8 on the left side of 
drawing, not being driven, but driving the 13 hour wheel 
of O'J) teeth, is not to bo n lantern pinion but a common 
one, only hollow, as it is fixed to the wheel of 45 which 
rides on the centre wheel arbor and turns with it in an hour 
and an half, and admits of being moved on the arbor when 
you alter the hands, being held by the pin and the bent 
spring 8ho\vn in the drawing, as before described in § 73. 
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The advantages of tiiis plan arc, first tlmt the frictio]! 
of tlie large and heavy 12 hour wheel pipe riding on the 
* cannon ^ is got rid of, or rather that pipe is reduced in 
size so that it need not be any lai’gor than the usual hour 
wheel pipe j secondly, the minute hand pipe is got rid of 
enthely, and consequently the weight and friction of that 
arbor is also reduced; tliirdly, the 12 hour wheel is drivesn 
directly by the train instead of in the usual roundabout 
way j fourtlily, the discharging pin is put on the hour wheel 
itself instead of on the usual reversed horn* wheel, and con¬ 
sequently it must always agree mth the hand; whereas ut 
present clocks are not unfrequently put together so as to 
strike when the hand is nearly a minute from the proper 
place 5 the hour hand can also be adjusted by simply pulling 
its pipe forward when tlic minute hand is off, as there is 
room to slide the 12 hourwhccl out of gear with the pinion 
tlmt drives it. The hour arbor is to be kept in its place by 
a small collar at its cud, over wliich there stands a cook 
which may be screwed on from the outside of the clock 
frame. The lifting piece of tlie strilcing part will have to 
be inside the frame; but that, as any clookmaker will sen, is 
of no consequence, as it will only require a pin to go 
tluough the hole in the front plate to lift the click of tho 
repeating work, instead of goii^ through from tlio front to 
the inside to stop the pin wheel as usual. In the strilcing 
part the reduction of the turns of the barrel from 16 to 11 
may be made (besides the methods above described for the 
going part) by increasing the pins and teeth of the striking 
wheel in the proportion of 8 to 10 and giving the great 
wheel 93 teeth instead of 78. And I have no doubt that 
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if a Hph’al Bpring is pul to the hammer, as I shall describe 
presently, and the liigher' wheels made as light as the 
Ainei'icmi clock wheels, the present size of clock weight 
wonld still be quite sulTicicnt in the striking as well as the 
going part. However I shall leave tliis to the consideration 
of cloekmakcrs and proceed to describe the 

STUXKIHa PAHT OP OLOCICS. 

88. A clock may bo made to strike o)ie at every hour 
without any separate striking part, by merely putting a pin 
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into citlicr of tho wheels of the. diiil work ilmt tnni.n in nn 
horn-, find a havmcr Util or kver ovrr il-j m (1ml. flu*. j»iii 
will begin io raiso the linmmer nlxml. iv (luiirli'i beforn (lia 
bom-, and just sliii from umlor itAvlicn tlm ininule Imml 
points to iho born*, liistcml of the pin there may Ixi ]mt 
upon Ibo front of the wlieel wluit is (tailed a itnuil, M’hich is 
a flat pioco of metal cut into a spiral form, as hIuiwji in Hut 
drawing; the effect of which is ilmt the work of raising 
tbo lever is distributed over the whole hour iiiahwl of 
having all to be done in a (piarUtrof an hour, but with esin- 
Adorable friction, I. Ijavo drawn the liamimtr us worked by 
a spiral spring, instond of the nsunl long mid Htilf Hpriug, 
which produces a great iiressura on tlus pivot, and is no 
bettor than the insido bit ofi a broken wnteb spring in any 
respect, and not so clicap to mnko and fix. y'lu) nrhor 
should bo made thicker than usual at the place wlu'i’e the 
spring is imt on. This apparatus will rei[iiire an luldilioii 
of about one-sixili to tlio clock weight, as there are IU 1 ib iw« 
to bo struck in the la hours inatcadof 7S, and the striking 
and going weight arc usually about cipiivl. Clocks oftliiM kind 
fu'o put in some of the Courts of Law at 'WiiHtiuiiisU'r, and am 
just as good for a room ns llioso that strike tho nuiulmr of 
tlio hours, since tlioy call atloiition to the fact of tlui lumr 
being up, and any body who does not know what the liimt 
must be has only to look. They can of eoursu he iiiink 
dienpor than full striking olocks, which require a sejmrate 
train of wheels, and which aro made ns follows. 

On one of these wheels nro jdacccl any eonveniont num¬ 
ber of pins so as to raise tho haniinor tail in succcHsion 
In eight-day clocks tho pins are put upon the wheel ncxi 
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to the groat ■wliccl, and are 8 or in coarse clocks 6 j and 
the pinion having as many leaves as pins, the great wheel will 
turn in the la houra if it has 78 teeth, or one for every blow 
straok in 12 lionrs. In thirty-hour clocks the pins are set 
npou the great wheel, Above the wheel which has the slrile- 
ing pins there are usually two olliers, the highest of which 
drives a fan or fly to regulate lire velocity of the train: u 
pendulum and escapement have been proposed for the same 
purpose, but the fly is perfectly sulficicut. One of these two 
wheels lias another ofTico to perform besides driving the 
fly. The one above the striking wliccl must Imn exactly 
round for one or more blows of tlic hammer. I shall as- 
auiUG it to bo once for every blow os it*usuaUy is. 

89. The principle of all the various ways of lotting off 
the striking part will be seen from tlie next drawing. A pin 
V in one of the higher wheels of the train, called the pin 
wheel, vests against a stop S on a lever, called the 
piece, when the clock is not striking. This lifting piece 
turns on a pivot 0 and has a tail, wliich is raised by a pin E 
or a snail on one of the hour wheels of the going part when 
tlie clock is within a few minutes of striking, and this lots 
the pin V slip past the stop S on the UCling piece ] but it is 
not allowed to go far, being presently detained by anotlier 
stop T either on the same lifting incco or on another con¬ 
nected with it j the noise mode by this is called giving 
warning. ’When the time is come for striking, the pin E 
slips from uiulcr the lifting piece and lots it drop, and so 
the pin wheel can turn round until the pin P has come to S 
again. But before that hax^peus provision is made for getting 
S out of the way if the clock h^ to strike more than one. 
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This is done as follows: there is a lai’go wheel cnlletl tli 
lacking-plate or cmnt-wheel, which turns in 12 hours, nil 
may therefore conveniently be put upon tho great U'litiro 
The rim of this locking-plate is marked out into 78 div 
sions, and then deep notches are cut in it at the aucc(iHai\ 
distances of 1, 2,3, &e., of the divisions, up to 12, a few < 
wliicli are sho^vn in the drawing. Tho lifting piece lias i\ii< 
ther arm which reaches m for as the locldiig-platc and 1ms 
tooth which just fits into the notches. Now while tho fii'i 
blow of any houi' is striking and the pin wheel is inidviii 
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one tuni; tlic locking-plate is iurning also iu the direction 
shown in ilnj drawing j and in so (loiiig the notcli lifts the 
tooth of the lifting piece out and makes it rest on the rim 
until another notch has arrived for it to fall into; and the 
depth of the notclies is such that the lifting phcce is moved 
far enough to lift both the stops S and T quite out of the 
way of the pin V by the time it has gone once round, and 
they remain there until the clock has struck the proper 
number and the tooth of the lifting piece drop)s into the 
next notch iu the locking-plntc; which is in fact an hour 
diiil if tile notches are marked with the hours, as the num¬ 
ber under the lifUng-piece is always the last number the 
clock has struck. 

Between twelve and two o’clock it will bo seen on looking 
at a looking.plaio thore is one long cut instead of two nicks, 
as I have shown in the drawing, beoaiiso the clock will strike 
one blow M’iihout having the liCLing-pieco liftcil at all, except 
ns the going part lifts it. And in Iik(3 manner in the French 
spring clocks which arc oCtim mailo to strike one at the half 
hour, the count-wlieel or locking-plate is divided into 90 parts 
instead of 78, and all the nicks arc made ns long as the one 
o’clock nick in clocks that do not strike the half hour. 

Sometimes instijad of a nick for every hour there is a pin 
ivith a slant side, wliicli when tho clock lias struck tlic pro¬ 
per nuinher raises the lover to catch the pin 1* in one of the 
higher wlieels •, when warning is give.n the lever is raised hy 
the going part a litthi higher to let tho pin B clear the first 
stop S and stop at tho second T, and when it is coinplelely lei 
off the lever drops and the couni-whcol moves on and Ids it 
fall low enough to clear both pins. This of course is cxnctly 

0 
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the same in principle. The objection to the coniit-wheel 
method of striking is that if the clock is either caused to 
strike when it ought not; or the striking part is allowed to 
run down, or the clock put back past an hour, it will strike 
wrong the next time, and cannot bo sot right again witliout 
striking it round till it comes right j and even this is not 
what every body knows how to do j and it may bo useful to 
those who have foreign clocks to be told that if yon put 
your linger behind the clock or into the left side of it and 
lift np the only moveable tiring you can feel, you can hardly 
fail to make it strike. There are several other mode8*of 
applying.the locking-plato construction, which m occa¬ 
sionally used in turret clocks, but those are much the most 
common. 

HEATING STRIKING MOVEMENT. 

90. The plan which has long been in use in all English 
house clocks allows the striking of any hour to be repeated 
as often ns you please, or the clock to be stopped or put back, 
past the hour,* or made silent, or to be run down, and 
stiE it will strike right ns soon as it is made to strike again. 
Instead of a complete count-wheel or locking-plato thero is 
only a portion of wheel L M, called the rac/c, tm-ning on 

* Some clocks will be found to offer a resistance to being put 
back past the bout: if they do it cannot be helped; but the lifting 
piece ought to have bad its end twisted so that the pin on the reversed 
hour wheel can pass the wi’ong way by pushing it aside. If a cluofe. 
is put hack between warning and striking it will strike: this does not 
signify in an linglisb clock; but it will make any of the foreign 
(docks, wliich all have the locking-plate movement, strike wrong, atul 
therefore must not be done. 
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coiitro Oj aiicl having 13 or 14 ratchett shaped teeth on iU 
Anothot radius 0 N of this fragnioiitt of a Mheel has a pin N 
sftt upon it} and on a wheel called the star wheel, which 
will bo described presently and turns in 1% honrs^ there is 
ilxed a graduated snail with 1^ steps m ib such that when 
the hour hivud points to 6 for instance the pin N can fall 
against the 5tli step in the snail to such a depth that the 
rach can fall through tiie space of 6 of the teeth. The. 
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rack liaa a click D B, set on a stud at D, nkicli will hold the 
teeth .ill any given place, a spring G pressing the rack to¬ 
wards the left hand. The arm I)B of the click is prolonged 
to F, and there rests upon the lifting piece, which is Iho 
same as before, and has a stop T projecting hackwiirils 
through a wide hole in the clock frame, and so placed Hint 
when tile lifting piece is down in its ordinary ])osiiion, tlio 
pill V ill the third wheel of the striking train can clear ilia 
stop T, hut when it is raised it will stop the pin and cou- 
soquciitly the train. "When the clock gives warning, tho 
pin E in the reversed houi' wheel raises iho lifting jiiecm us 
before, which lifts the click, which lets the rack fall hiiok 
na far as the snail allows it to go. 

Over the rack there is a sort of hook K, ■which is in 
fact a pinion with one tootli, set upon tho projecsiiiig urbur 
of tho second wheel, {i.e. the one above the striking ^vlu^td), 
and at every revolution of that wheel, and ihoreforo ut 
every stroke of the hamraer, it takes up iho teeth of ilu> 
rack one after another, and it is therefore called ilie 
ffaf?iermt/piece or pallet. Wien the clock is to strike, iho 
lifting piece is let fall, which sets the pin P at liberty, urnl 
also lets the click fall on to the rack so as to ho rniuly to 
catch the teeth and hold them as the gathering pnlhd 
gathers them up. After the pallet has taken up tlio lu«l 
tooth, its tail, wliich is on the opposite side to ilio hook 
falls upon a pin S at the end of the rack, and is lliorctlp 
stopped from turning any fartlior, which of course bI.oj) 
the train, 

91. If the clock is to be capable of repealing the lua 
hour struck when required, the click BED is piroloji^^t* 
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baolc wards and lias a string put lo it wliicli comes tlu'ough 
t.li(3 clock case, and when it is pulled the oloclc will strike. 
Jliil if the siring is let go too quickly tlie click ^\t 11 catcU 
llie rack kelbrc it lias fallen far enougli, and fclie clock will 
strike too few j and if it ia not let go quickly enough the 
(dick will iiol catch the rack at the first stroke, and it will 
strike too many. Therefore the string ouglit to be put to 
the lifting piece, instead of the click, which can be done 
just as cnyily, though I have never seen it so done. If you 
find oil pulling the string that the clock won^t strike, it is 
lu'.twcen warning and striking, and if you leave it alone it 
will strike of itself in a few rainut( 2 s. 

Da. 'J'lul star wheel, of wliich the construction is 
evident from the drawing, is turned ijih. round at some 
time in ovevy liour (it should bo done before the work of 
the lifting b<!gins, that the clock may not have too much 
lo do at once) by means of a pin 4 on the hour wheel 
calicbiug one of Tlie pin does not indeed carry 

it through the whole distance it has to move, for by the 
time, it has got about half way the ray at S in the drawing 
will have unuihcd tfie angle of the tiling called the ywwyjcr, 
sliding up its left hand inclined plane, and as soon as the 
point of the ray passes the angle, the jumper, being pressed 
u])(iii by a Hjiring, will do the rest of the work and drive 
lUd ray RiiU fi'rihcr forward by menus of the right hand 
imdiiu’.d pliviio. The jurapci also acts as a click to keep 
the Btiir wdiccl steady; a common click wouia not do, 
becaiiHC it w^ould not allow you to put the clock hack, 
whcniiiB this one will allow the rays to pass up either of 
the incliiuul planes. In the commoner kind of clocks this 


CLOCKS. 


UQ 

star-wlieel is dispensed with, and the snail ia set upon the 
tM’elve hoiu’ wheel (in wliich case it must be reversed) j 
indeed the only use of the star-wheel is to relieve that largo 
twelve hour wheel arbor or pipe of the odditioiiiil weight 
of the snail j and if that pipe were reduced to n moduralo 
size and the twelve hour wheel driven directly by the train, 
as described in § 87, the weight of the snail might bo dis¬ 
regarded. 

93. Some clocks are so made that by turning n little 
hand which is placed above the dial the clock can either be 
made to remain or bo allowed to sirih. This hand is 
so connected with the lifting piece that ■when it is turned, to 
' silent^ it pulls the lifting piece out of the way of tho pin 
in the hour wheel by drawing its arbor forward, the pi^'()i8 
being mads long enough for that purpose; and when 
turned to ‘ strike' it pushes the arbor back again. Somo- 
times the striking is prevented by bringing a stop of some 
kind close up l)elund tho pin S or some other pin set upon 
the rack, which prevents it from falling wlion tho elicit is 
lifted, and so the gathering pallet cannot gel; past tho stop 
S. This way is more simple than the other, but tho otlier 
has this advantage that the clock can be made ordinnrily 
silent, and yet it will strike whenever tho abovo-moniioiied 
string is pulled. 

I have seen a third way used, viz ; tho train slopped l)y 
a liook or pin pushed into tlie way of tho fly. I'liis is a 
most blundering way of doing it; for, as it does not prevent 
the rack from falling, the clock is almost ccrlnin to slop 
between 12- and 1 o'clock, from not having force enough 
to drive the deep step in tho snail past the pin N in tlie 
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taU, even if it is made with, a bevelled edge for the 
pixi’pose. In fact the clock in which I saw it had so 
^topped; and I was told it had frequently stopped before^ 
^okjody knew why. I relieved it from tlio difficulty iji 
fiitnro by taking away the ^silent-’ stop altogether. In a 
•^loclc with tlie locldng-plnto movement however, this plan 
Woiald answer perfectly, and is more simple than any other] 
probably the maker of this clock had borrowed the 
plivii from an old locking plate dock, not recollecting ilie 

iliiroi'once. 

tJd. It is merely a matter of taste whether a clock is 
iiuatle to strike on a bell, or on one of the spiral steel 
ispi'inga of a very deep note that have latcsly come into use. 
XPorlraps in a room the spring has a more agreeable sound] 
hiiit they ai'c not lieard. so for as a bell, and at a distance 
tlxoy have a thin sound, very unlike wliat they protend to 

ii nit ate, a heavy church bell; and llicrcforc for a clock to 
stand in a hall and strike for tlio whole house, a boll is 
certainly the best. 

QUAU'IEHS. 

85. House clocks aro occasionally made to strike qnar- 
tex*s. The machinery for that purpose is lire same as for 
strildiig the hours, if we suppose two hammers to be put 

iii the place of ono, and an additional wet of x)ins on the 
striking wheel to raiso tliom, K they ai'o what are called 
din^-dong quarters, on two hells, this wheel may bo made 
o-}!Hxctly lilco the hour striking wheel, only ^v^tll two sets of 

sot on its opposite sides so as to raise the two hammers 
alternately. But if tlioi'o are fom* or more bells, tlio rim of 
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th© striking wheel is spread out so as to,form a chime land, 
with pins sticking out of it like the harrol of a musifial 
box, Find these pins raise the hammers successively, whicli 
arc all set on one axis. I may Iwji'c remind cloekmakers 
(as I have found it necessary to do so before) that though 
the repeating movement may bo used for the (iiuirtevs us 
well as the hour, when tlie second, third. Find fourth (|Utu’- 
tei's are only the first quarter so many times repciated, ycit 
when the tunes or changes ai'o different the looking ])liij,e 
ought to be usedj for if Uie mpenting plan is used iiiid 
one quarter gets struck wrong or slopped, it throws Ilia 
whole of tile tunes into confusion, the clock playing at Iho 
next quarter the right number of changes, hut the wrong 
order, that is, a piece of the tune of one (|mirior, and a 
piece of another; whereas if the locking plate is used the 
right times urill always accompany the right number of 
changes, and any person will hear directly not only that 
they are wong, but hova they arc wrong, inul that ilioy 
merely want striking by hand once or more to bring t)n'm 
rigid, which it is much more difflcult for an unsldlful ju-r- 
son to ascertain when the tunes are w^rong Inil, the number 
right. The work for connecting Iho repeating quarter 
movement with the hour striking part is also more com. 
plicated than that of the locking plate, which is roinavkably 
simple. But as quarters arc so much more rarely put to 
house clocks than to turret clocks, I shidl rcaorvo the dcs. 
cription of the mode of connecting them with tho other 
parts of the clock, as well as some other nmttcvs belonging 
to them, for the chapter on church clocks. 

96. Small spring clocks arc occasionally made to strike 
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tlie quarters only when tliey arc waiitcdj ns in tlic niglil, 
and to strike them after striking tlic preceding hour/just 
as repeating watches do. In this case, tlio repealing part 
is not wound up periodically as in a common clock n'liich 
strikes quarters; but by pulling a string or pushing in the 
haiidlo of the Avatchj you wind up a barrel containing a 
main-spring, Avhich, when you let it go again, Avorks the 
striking movement in the usual Avay, according to the 
position given to the rack or locking-plate by the Avhecls of 
the going train. Hopeating Avatclios ai'o rarely, iC ever, 
made in England, or at least by Englisli woikinon; and 
from the quantity of Avork that lias to ho put in a sinnll 
oom])a88 ilioy 8(ddoin go very well. Eor this purpose a 
small clock is much bettor; and suoli clocks nro usually noAv 
made portable, that is Avith a balance instead of a pendulum, 
and go by Iho iianio of carriage clocht and cousequonUy 
they pos8(5as the advantage of being secure ngoiiist the dis¬ 
turbances of housemaids. I shall have to mention thorn 
again in tlio next chapter. 

ALAHUMS. 

97. If yon take iho pondnliun off a cloelc Avith a recoil 
(iscapemont, you Avill hoar it beat about ns quickly as the boll 
is .struck in an alarum; and the striking Lhero takes place in 
the same Avny as if a double hammer Avore put on the end of the 
crutch of a recoil cscapomciit, just long enough for one end 
of the hammer to reach the inside of a bell at one extremity 
of the bent, and the other end at llio other extremity. Tlio 
manner of lolling it off I shall describe presently; but 
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Ih'st it niny bo nskt'd by nn obaorvaiii jx'Vhidi, liuw it 
liap))ona iluit Hiuih ii smiill \v0if5bt ns Unit oC im uliinim, liilU 
intj only a few iiiohcH, is niilo to striku huoIi 11 viinl iniinlu’r 
of blowsj wluiii lb(i Hti'ikinjjj part riapnri'H a <il 10 

or l^J lbs. to atriko so fuw ns it tlovn. 'I'lio 1 ('iihoii im Ibis' : 
Ibo cDininon airikin^^ wolubt 1ms to rjiiao Ibi! bmiinni* siipiiiii'l 
a strong sju’ing} mid tho fonio M-itli wbioh it Hliiks':' llu' 
bull (liipomla ujmii Lins forms of tlmt Hpring, ninl tins (linliiin f 
it is biintj but in an «larinn> Uio Imimnur is miu'oly Ihrouii 
from siild to aido by Ibo mslioii of llui nlaruin wrif^lil, wliifli 
lins (joiiscqiiiiiitly noibing to ovisiromo but (bo iVis^tiiui; ond 
tins vulooity of llus alvikiiig do|K!Hcls upon Ibo pmiimliiui 
botwoon I,bo inonmiit of iiinrliii of iho bniiiiiu'i‘ mid (bo 
luonusiituin (or product of tho woigbt and (ho fall) of tbo 
abu'uiii ivoiglit. An ntli'iupt n])pimrs to biivo bn'ii nmilo (i* 
proihuusaiioinmou atrlkiiig part on lhi.4 princijib', ImL wiib^ 
out aiwcess, lu'cmiao in Hint way it oauiiot Hlriko wilb bulli 
I'oroo (luougb and sIowiiosb onouglt to bo ilisliin-l. 

98. ibit an iiluimn is waiilod lu lot olb iiol tilwov!* id 
tli(5 saino time, but at an arbitrary tiiuo. I'kir lliis jiui'isnsr. 
all we liiivo to do is to mako tho lolting-olf pin movrabb’ tm 
tho wluiisl whioli cuvi'ios it, If tho cimmnon b‘llill}^^•t^ pin 
were iiiadn inovtiablo upon (bo lumr*wlioi‘l, wo niigbl iniikt' Ibo 
(dock atriko wlimi tho long band is at fit) m. insU'iid »'f ibi m. 
Aiul inlikoimmiiovj if wo piitiilottiiig-olfpiii for Ibo obinnn 
on II onp, or ht/, wbioh Ills tigbUy 011 to llin Hocki t of tb-' 
ISdiouv wlioob wo can nmko it lotoirtt'iih ns mindi ncrnrai y 
ns is nsquii’otl at any porlion of tbo twidvo bmivs wv. pb-ufn'. 
This koy, wliicb oarrios the pin, lias its sockot prnlmifrMl 
forward, so as to carry a Bmall dud or hour (sirolo undoi* tin' 
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hour hand, wliich always travels round with it; but tlie key 
does not fit so tightly that it cannot be moved by the hand 
so as to make a pointer in the hoiu* hand point to any tiiiK! 
w'o like on the alarum dial; and then it will let oil at the 
time so indicated. There is no occasion for any stoppinj' 
apparatus beyond a single lifting piece, and a p)in in tluj 
striking barrel, wliieh rests against tlio stop on the lifting 
piece when it is not raised high enough to let the alarum 
go. The string of tho weight is attached to a whci't 
exactly like a recoil scape-whccl, either of Ihc croAvn ndu'cl 
or tho plain kind, and when it is lot off it runs till it is 
down. Of course it must not bo wound up until within 
twelve hours of tho time when it is intended to strike. 

THE WATCHMAN'S CLOCK, 

00. This is mentioned incidentally in the parlininontary 
papers respecting tho great clock for tho now Palace, as 
being the invention of Mr. ’Whitehurst, of Derby. It is 
otlicrwiao called the tell-tale clock, its object being to watcli 
watclunen; ^vhoso tondenoy to sleep), like other men, in the 
night, had caused buildings protected by them i,o bo con¬ 
sidered less sccui’c than those which are mily protected by 
tlio ordinary p)rccaulion8 of mankind before they go to bed. 
In tho watchman's clock there are pins sticking out round 
tlie dial, one for every quiuier of nn honr; and the duty of 
the watchman, in order to testify his own vigilance, is to g(» 
to tlio clock every quarter of an hour, and push in tlu; 
pn’opor p)in, wliioh only admits of being so treated for a few 
minutes: consequently, if in the morning any pin is found 
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sticking out, it indicates tliat the ■watchman was absent, in 
body or mind, at the corresponding time. There is a clock 
of tliis kind, on an improved plan, lately put up in one of 
the lobbies of the House of Commons. Tlio face ami ])inH 
are not open but mclosed behind a glass, and ilicrcj is a 
handle at a convenient place outside the clock case, whiclv 
communicates with a small lever standing over a part of On* 
circle in wliich the pins move j and as the pins arc carried 
round in a sort of n moveable dial, it is evident iliat pulling 
tlie handle Tvlien any jiarticular pin is under the lever, it 
may be easily made to push that pin in, and can do so at no 
other time. In fact, if the lever ended iii a pencil, and Dm 
moveable dial caiTied a rim of paper set round the ligiircs, 
pulling the handle would make a mark upon the piipi’r, 
showing exactly the time at which it was done, lint tliii 
paper would want renewing continually, and the pins do 
uot, but are made to pass over an inclined piano at Iluir 
back in another part of thcii- journey (povforinod tiflia- 
the hom of inspection), and so to push thoinsolvos out 
again i for this purpose it is most convenient to nmlu: 
the revolving dial to contain U liouvs, so Hint ihero may l)i; 
time enough in the momiiig to examine tho pins bcfuiv 
they are replaced by the inclined plane. 

ELECTEICAL CLOCKS. 

100. If the pallets of a clock, instead of being worlaid 
by a pendulum, are attracted by pieces of soft iron, inagiKd- 
ized alternately by means of an electrical coininuiiicuvtioii 
with the pallets of another clock, as tlicy move to each side, 
or with the teeth of the scape-whcol successively, Ihu two 
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clocks will evidently go ^acUy together. Not only tliis, 
but if you take off tlio weight as well as the pendulum, and 
move the pallets of a recoil escnpcmeut backwards and for¬ 
wards, they will drive the scape-whcel instead of letting 
it escape, only they will move it, and consequently the 
liandsj the. wrong way; and, therefore, if the scape-wheel 
and pallets are reversed, they will drive the hands tlie right 
way. Instead of two magnets, one is sufllciont, if the 
pallets arc drawn one way by a small weight or a spring, 
and the other way by the magnet. Tliis is the ordinary 
form of what are callod electrical clocks. 

101. ihit still further, the whole train of the clook may 
bo dispensed with, except the dial wheels, by making the com-. 
raunioatiou take place at longer intervals, such as every half 
minute. The \vliccl of the minute liand would thou require 
60 ratchett-shaped tcctli, nud n pair of largo pallets to 
be put over it in tlio same .way as the recoil pallets over 
a coininon scupe-wliccl; and nt each beat the wheel would 
move tlirough the space of half a tooth. A click sliould in 
any case bo added to securo Uio wheel from slipping bEiok at 
the moment of escape. The advantage of a luiiiute-liund 
moving a visible apace at intervals, such as lialf a iniiiuto, 
will bo pointed out under the head of ‘turret-clock rc- 
riionloires,'’ § 172. 

102. Another way in which this .may be done, is to let 
iho dial work ho (Irivon by a weight or spring, wound up 
just liko a eoininoii clook, and make the elcotiicity let. it off 
instead of driving it. This method is peculiarly adapted to 
clocks ^villl large} faces and heavy Imnds; for in this way a 
dial, or any number of dials, of any size might be worked by 
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an eacaperaent and train no largei* than that of a common 
astronomical clock. The only objection to it is the difficulty 
of keeping a galvanic electiicnl machine in perfect action, so 
that you can depend upon a beat never missing; for it not 
OTily requires some nttmtion to the galvanic trough, but a 
small particlo of dirt on the rim of the wheel, which is 
divided into conducting and non-conducting spaces, some¬ 
times interferes with the contact. Mr. Dent had an clcctri- 
cal dial, of tlic first construction just now described, going 
for some time in hia shop, but he found it required constajit 
attention to prevent it failing in this way. 

103. "Whon, oil the other liand, a largo and strong clock 
is employed to drive a number of otlier clocks, mffneiio olcc- 
trioity may bo used, the large clock by its own force pulling 
or rather sliding a strong porraanent magnet out of contact 
■with its amatwe at the proper intervals. Mr. Dent also 
kept a dial of this kind going for some time, making a small 
turret-clock movement work the magnet; and this experiment 
answered perfectly. Of course the cloclc ivhich has to do this 
extra work should have some provision to prevont the inequa¬ 
lities of force produced by it from reaching tho pendulum. 
It will bo seen how this is to be done when wo consider the 
snbj ect of turret-clock remontoircs. This gonoral explanation 
of electrical clocks may bo interesting to those who have read 
in tho parliamentary papers on llio subjcol, that it is pro¬ 
posed to have an electrical communication botween the great 
clock at Westminster and tlie Observatory at Greenwich, 
and perhaps also to make it work tho small clocks in vari¬ 
ous parts of the building, 

104. Now that flic very convenient practice of sotting 
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all the clockg in the kingdom to Greenwich instead of local 
time is becoming general, it would bo by no means an use¬ 
less employment of the electric telegraph to send the exact 
time at a certain hour every day or every week to all the 
telegraph stations on the various lines of railway. The whole 
kingdom M’ould thus havo the advantage of an indication of 
the time as perfect ns that afforded by the ball on the top of 
the Observatory at Greenwich, which is dropped every day 
exactly at one o^clock, "Whereas at present, the time can 
only be obtained in places wliere there is not a good meri¬ 
dian instrument by the tradition of iravcllors or railway 
guards, which is equivalent to saying that it cannot be 
obtained at aU with accuracy. I havo sometimes found 
a difforonoo of fivo minutes between the time of the public 
clocks in largo towns less than 100 miles apart, and not ad¬ 
mitting of the oxcuBO that it was the difference of local time, 
because, unfortunately, it has been occasionally the wrong 
way, i, e. the clock in the west has been faster thhn the 
eloclc in the cast. 

MUSICAL CLOCKS AND CHIMBS, 

105. These are merely common clocks, wliich let, off a 
musical box, or a small organ (Mven by a weight, or a chime 
barrel in a church, in llio same way as an ordinary striking 
part. A chime barrel is exactly the same as the barrel I 
before inontioncd for playing a tune at the quarters, only 
much longer, having to play a longer tune and on at 
least eight bolls, to each of which there ai’c gcnei'ally two 
hammers, l^ecauso when a note lias to be repeated quickly, 
one hammer could not fall and rise again quicklv enough, 
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A musical box is the same in principle, only the music is in 
the springs raised by the pins on tlie chime barrel, instead 
of those springs being levm'S working hammers that strike 
on bells j and accordingly musical boxes are generally re¬ 
paired by watclunalcers. Organs involve other considera¬ 
tions besides those of clockmaking, tliongh many of tlic 
German cloolcmakers repair these clock organa; indeed 
they are liai-dly ever applied except to German clocks. 

Clocks are occasionally made to perform other feats, 
which I do not consider ns projjcrly belonging to the art of 
Irorology, but merely toys; and it is true of clocks, as 
of humau beings, tliat if they profess to do a great many 
things, they seldom do tiicm well. This remark, of course, 
does not apply to ohurcli clocks with cl)inie.s, wliioh are on 
a large scale, and can. have ample po^ver and space to do 
tho additional work. 

TEETH OE WHEELS. 

lOG, The theory of wheel-cutting docs not belong more 
to clock-work than to any other machijiery in which wheels 
are used, and it is too large a subject to outer into fully 
here. But it may be useful to make a few general remarks 
upon it, ttiid Imnst refer the reader to other "worka, such as 
'Camus on tho Teetli of Wlicels,^ 'Willises .Brliieiplcs of 
Macliinery,' &c.j for the geometrical investigations by ^vhieh 
tliose results arc obtained. 

Eirst, it is ovident that the more teeth any two wheels 
have whicli are to work together, tlie less friction there will 
be, and the less it will signify whether tho teeth we necu- 
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lately cut of the right shape. Por if the teeth were infinite 
ill number, and therefore infinitdy small, there ■would bo 
no sliding friction at all, and the ‘wdieels would merely roll 
upon each other; and on the other hand, the fewer the 
teeth of each wheel are, the farllicr they have to slide along 
tlio teeth of the otlioi* whed. And as tho s,k[\\g jtrqport-ion 
must be kept bel-weeu the wheels and pinions of a clock 
train, whatever the actual numbers arc, the number of teeth 
or leaves in the pinions is at once an indication of the 
degree of labour which has been cx-pended on that portion 
of the clock. In tho best astronomical clocks no pinion 
has loss than twelve leaves, and sometimes as many as 
sixteen. In the striking part of clocks, there is no need of 
tho same higli numbers, because tlio uniformity, or amount 
of the force of tho train, is of no great ,coTise{iuonco (within 
reasonable limits) so long as it is always suflieiont to raise 
tho liammcr. 

107. Another thing to bo remarked in clock-work is, 
that the pinions are all driven by tho wheels, oxcopt tho 
pinion of tlio dial-ivork wliidi drives Iho 1 a-hour wheel, 
and tho pinion wliicli drives the locking-plate when it is not 
placed upon the great ■wheel of the strilcing part; wliereas 
in maolunery for raising heavy weights, tlio pinions gene¬ 
rally drive,the wheels. And tliis ia of consequence for tho 
follo^whig reason. Whoii two whoda act togotlusr, the teeth 
which are in contact may happen to be cither ontiroly on 
one aide of tho line wliidi joims the uentres of the' two 
wheels, or on tho otlicr, or on both sides. If tho teeth have 
passed that lino before they oomo into contact, the action is 
said to bo qfkr or hehind the line qfoQntnsi and -viec versd. 
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In this figure^ D, C, rcpi’cscnt two 
teeth of the driving wheel, and d, c, 
two corresponding teeth of the diiven 
wheel. Now, although they arc hero 
represented as inclined to each other 
at the same angle in each case, yet 
any one must see at once that the 
friction between C and g, after the 
line of centres, is very much less than 
between D and d, before the lino of 
centres j no degree of friction (short 
of adhesive friction) could prevent 0 from driving c, if force 
enough is applied to it j whereas if the point of contact 
of D and is a good way from the line of centres, and the 
surface of D rough, a gi'cat force applied to the driving wheel 
might merely drive the point of the tooth d into tlie side of 
the tooth D. The dilTcronco between drawing n walking- 
stick along tlio ground after you and pushing it before you 
is an illustration of the difference botiveen friction after tho 
line of centres and before j and a very moderate degree of 
roughness will moke it impossible to push it if it makes a 
large angle with the ground. ■ It is evident therefore that 
machinery wiU go much more easily when tho teeth of the 
wheels are so arranged that all tho wheels arc di'ivcu behind 
tho respective lines of centres. . Now it may be shown 
geometrically, that with tcctli of tho common form a wheel 
oaiinot drive a pinion witli leaves of sensible thickness with¬ 
out any friction before the lino of centres, if the pinion has 
less than eleven leaves. This, therefore, is another reason 
for using no pinions in delicate clocks with less than twelve 






LANTERN PINIONS. 


130 


eleven being an inconvenient niunber, and of course 
lier the number the better, 

h 'There is, liowever, a kind of pinion, in wliicli 
driven, but just the ojrpositc when driving, for whicli 
I’O they are unfit) tiro action will always bo after the 
centres, however few its leaves may be: it is a pinion 
ill the leaves, instead of being radial or of the Icaf- 
aro round pins set in a ring round the axis; and 
eir appearance, tliesc are called lantern or box pinions, 
drawn the pinion of the scape-wheel in p. 79 as a 
pinion. Of coiu'sc, in tliese ns in aU other pinions, 
dll be loss friction with many leaves than with few; 
atovev friction there is will bo' onthely of the moro 
js kind. Tlic Dutch clocks always have theso pinions, 
are merely bits of wire stuck into wooden arbors, and 
the reason why thoy will go witli an amount of dirt 
^ould completely stop a clock with thb common 
i, and their pinions nro tho last thing in the clock 
r out. Tho Trench liavo also long used them in 
un'ot-clooks, and it is stated in one of the parlia- 
y papers, by Mr. Dent, that they have been found to 
10 signs of wearing after sixty years: whereas in 
made wholly with teeth, if not very accuintely made, 
ions and the wheels that work them will be found to 
oi'ii themselves out of sliapo in a fow yeni's, I liavo 
report nmdc by a man who was sent to examine a 
3lock, mado by a London maker, only fourteen years 
, whicli lie stated that he found the pinions had 
Ircady twico shifted to get a now bearing for the 
ind that thoy were now thoroughly worn out, Of 
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course this was an extreme case; but it would not have 
liappened with lantern pinions and equally ill-cut teeth, 
because they would only have had tlie more moderate frie- 
tioii of tile action after the line of centres. 

109. Another great advantage of these pinions is, that 
there is considerable risk of spoiling solid pinions, espe¬ 
cially large ones, in hardening them. 1 have seen a large 
pinion with half the leaves Hown completely oil' in harden¬ 
ing ; and of conrso the risk of this adds to the expense of 
those that are sound, and also very often causes thein not 
to be hardened at all, wliioh is just one of those things for 
wliich you can have no security except the oharactew of the 
maker. Wlierens the lanlom or box pillions never break, 
and arc made merely by driving liard. steel wire pins into 
the holes ill the which are borod with great quickness 
and accuracy by a sKding drill and a dividing engine. Oon- 
sequently,'besidc8 their otlicr .advantages, these pinions are 
probably, and when they arc of largo size, certainly, chenjier 
than solid steel pinions, wliich require oui.ting, hardening, 
and polishing, and often break when they are done. 

It must be remembei’ed by tlioso who arc not used 
to them, that lantern pinions require the tooth that drive 
tlicm to be out of a different shape from teeth that di‘iv{j 
common leaves, the teeth that drive the common leaves being 
epicycloids traced by a circle of 4a^ihe radius of the pinion 
rolling upon the driving wheel; while the tooth to drive 
pins are epicycloids traced by a cirdo of the samo size as the 
pinion itself. No doubt vej'y few teeth, espofsially in small 
clocks, arc really epicydoidal, hut some portion of circular 
arcs pretty nearly coiudding for a short distance with an 
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epicycloid 3 [iiul Avlicrc the teeth are Jiutncroiis, and thctc- 
smallj there is very little dift’cvence. But when tho 
arc Ini’gG, tlio diirereuccis sensible, and there seems no 
j.e£i90H- why the cutters of the teeth of large wheela should 
be made of the proper shape more frequently than they 
ought, moreover, to he remarked that, whether tlie 
-fceotli are citoukr or cpicycloidnl, the practice of toj)jiing, or 
^ 111 ‘iiiiig ofT the lops of the teeth by way of correcting tho 
is entirely wrong, because it takes off the most curved 
pini’ti of the toctlu If the teeth are cut right, and the depth 
is found to bo wrong, tho centres are wongly placed, and 
glioultl bo altored, not tho teeth, whicli are innocent. 

m.O. It ia not indccdqiiito true that the action of a lantern 
piTiioii begins when tho acting side, but when the mike of 
enolv pin, ia on tho line of centres j and therefore the action 
is not so completely after the lino of centres oa a leaved 
pinion of twelve or more teeth. But practically this is no 
objection to their usoj first, because none but the most ex¬ 
pensive clocks have pinions of iwolve, and it ia not in clocks 
of that kind thatthercis much to bo gained (ns regards fric¬ 
tion) by vising theso pinions j and secondly, tho advantages 
of easy construction would still remain on tho side of the 
IrviitoTii pillions, especially when they are large. Tho scape- 
wlieol of the ."Rxchangc clock is inadn in this way, aUliougli 
tiro ijins are Icnf-sluiped, because it has twenty of thorn, and 
is therefore so large that it was found impossible to harden 
a. solid pinion properly, for tlio same reason ¥r. Vulliiimy 
mukos liis large pinions of gun-mcial, as hard as it causafoly 
be used, which however is muck softer than liard steel, or 
evoii cost iron. Thirdly, when you come to pinioua of high 



142 


CLOCKS. 


numbers, the angle corresjionding to half the thickness of 
the pin is so small, that it is of no consequence whether the 
action begins that small distance before the lino of ccaitres, 
or exactly at the line, for tho iienrcr you como to tlmi lino, 
the loss friction any deviation from it produces; and tho-rc- 
fore making the pins of the Exchange soape-wheel of the 
leaf-shape instead of round was quite an unnecessary and 
very expensive refinoinent; and Mr. Dent now makes alj 
the pinions of the going trains of his turret-clocks lantern 
pinions, with round and hard steel who pins, and the case 
and smoothness of their motion is remarkable, evon in 
a oftse where it was necessary to use a pinion as low as sovon, 
which will bo described in § 177. 


KNi) or cuArnm i. 
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ON "WATCHES AND CHEONOMETEHS. 

111. I have already said that the only mechanical dif¬ 
ference between a watch and a clock, is that a watch nlll 
go in any position, but a clock only in one 3 for although 
timepieces in cases liko small bracket-clocks, only with 
a balanoo instead of a pendulum, are popularly called 
clocks, they are really >vatchcs, clifl'ering only from common 
watches in their size, and in tl\o balance being set horizon¬ 
tal, or in a piano porpondioular to tho pianos of the rest of 
the wheels. Such clocks have of course the advantage of 
being portable, and arc called carriage cloch. But unless 
they have componsate.d balances, they are much more affected 
by clianges of temperature than pendulum clocks, or M'atches, 
which arc kept at a protty uniform temperature by being 
carried in tho pocket, as will be explained in § 12-4. 

112. If you talce a common spring clock, with its 
wheels and escapement arranged exactly liko that of M’hich 
a drawing Avas given at p. 49, and instead of the crutch for 
the pendulum put a wheel of the nature of a fly-wliccl, this 
will bo very nearly a watch. Not quite, lioweverj for it still 
difl'crs from a watch in this, that the fly-wheel or balance has 
no spring, and so its vibrations will depend only upon its 
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own moment of inertia, and the force of the train. Ami 
tliis last dependence is just what we want to get rid of, nr 
to compensate in such a waylhat comparatively larg(^ vilir;*- 
tions of the balance shall be performed in the saiiK: iiimi 
smaller ones. Dr. Hoolce ascertained, among liis niimiiniiiH 
other discoveries and inventions, that the vibrniioii.H ()f n 
spring in large or small arcs are very nearly isoohromm'-!. 
The reason of which is that tlio force with which a spriiii^ 
endeavours to resume its position generally varies us I ho 
angle tlu'ough whichit is bent, ■with Iho exception lu-lori! 
mentioned in § 80; and a body acted upon by such a Ihrftj 
as tliis (as a pendulum moving in a cycloid is) must oscil¬ 
late through any distance in the same time. Coiiscipu'iilly 
if one end of a spiral spring is fixed to Iho rraiiio in whirl i 
the halatice-nrhor turns, and the oilier to the balaiujc ilsclf, 
in such a position that when the spring is at rest tlnipa!li’l« 
stand half way between cacli beat, and the bnlanecs is sol itt 
motion, it will go on vibrating in very nearly ilic same liiiir, 
whether the force of the escapement drives it throiigli i\ 
small arc or a large one. In fact, wilji pallets of tills kiml 
the watch will set itself going, because a tooth of tlui scapr- 
wlieelmust always bo pusliing against one or other of dm 
pallets, and the spring offering scaredy any resiatinujo in t Ihj 
neutral position (unHko a heavy pondulmn) tlio force of die 
escapement is sufficient to move the balance through ilus 
angle of escape; and having once begun, it will of roiin^t 
go on. Hence it is that with most escapements ti wiilrli 
cannot be stopped, if it is clean and in good order; for si-^ 
the impulse is generally given at the neutral po.siLiou of Iho 
spring (as it ought to bo, for the same reason as in elo(ik»i. 
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the force requisite to give the impulse is generally siiflieieut 
to start the balance. The same thing happens in a clock 
when you take the pendulum ofl^ and the escapement has 
only the slight weight of the crutoh to move. 

113. The spiral springs used for escapements arc of two 
kinds j the common one lying all in one plancj and the 
otlierj used for clironoinoters, in which size is not sacrificed 
to cUigancCj is like a wire wrapped round a cylinder, as the 
string of a clock is wrapped round the barrel; since this is 
found 10 be the best form of the two, perhaps on account of 
every ring (so to speak) of the spiral having the same radius, 
and the spring acting therefore more uniformly. 

IJ-i. The kind of watch that 1. have been describing is 
tlio old vertical watch, so calk'd because llic scape-wheel 
stands vcrlically wlien the other wheels are horizontal, or 
tlie watch is laid lint. This kind of esonpement, as before 
inenLioiied, like the coinmou recoil escapement in clocks 
with anchor pallets, loses ns tlm arc of vibration decreases. 

lU'lG ULATION OK WA'l'CTlhlR. 

115. The mode of regu¬ 
lating this and alt watchui 
is by altering tlio lixod point 
of the spiral spring, so ns 
to make llie acting part of 
it shorter or longer, and 
therefore faster or slower iu 
its vibrations. This ia done 
as follows. Alii) is the 
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spi'ingj or rather n portion of as I Imvc slopped it at I) 
to avoid confusion. The outer end of it is pinned into a 
cock set on tho frame at A. The pointer C B E turns on 
an annular or hollow pivot at C, the hole being loft in its 
centre for the arbor of tho balance, which is called the vert/et 
to go through. At B therc ai'e two small pins close to¬ 
gether, between which the spring is passed, and ndiicli 
therefore determine the point from which it begins to bend. 
Therefore as tho pointer or 0 B E is moved tou'ards 

the right in this drawing, it m.akas the spring vibrato faster, 
and to the left, slower j and this is done ^vithout alTcctiiig 
tho neutral position of the spring. If tho watch still goes 
t(30 slow, when the regulator is movcid to th(5 rigid as far ns 
it can go, the spring l\as to be taken out and shortonod by 
putting the outer end farther througli A and drfVM'ing tho 
iiinci' end farther out through tlie other cock by which it is 
pinned to the balance j for ns a givcu angle corresponds to 
a smaller length at the inner end of the sinrnl than at the 
outer, tlie spring will on the whole bo shortened by this 
operation, while the neutral position of it with regard to the 
balance remains the same. In order to alter the length of a 
cylindrical spiral spiing, eithei* its curvature must bo altered 
a little or the point at which it is attached to the balance. 
But,In fact, chronometers are not regulated in this v-ay, but 
by nlteiiilg the inertia of the balance by screws with heavy 
heads, called timing meiosx Tlio vertical esenpomont is 
only rrow used for the commonest watches, both on account 
of the thickness it rcquii’cs, and its iido.rioi'ity to other 
' escapements. 
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IIG. Tho cscapemeut wWoli is far the most frequent 
in good English watclics is the foacr c 8 ca 2 )emcnt, or^ ns it 
used to be cnllcdj tho detached lover, to distinguish it from 
another form of it, now disused, called the raok lever. If 
you put a rack, or a few teeth of a ■wheel, of -which the 
pallet arbor Avould ho tlic centre, on the end of the crutch 
of a clock dead escapement, and let this rack Avork a pinion 
.sel. on tho verge of a balance, sueli as I have just now 
described, (ho vibration of the bainnee n'ould cause the 
pallets to move ns they do under the influence of a pendu¬ 
lum. And this was tho mck-lovcv movement. 

117. It was however liable to stop if tho bEilanco was 
accidentally stopped at tlic iieutrol position, on account of 
th(5 friction between tlie rack and the pinion j and moreover 
tho lever or crutch and pallets were carried farther tho far¬ 
ther the balance vibrated. Tliia as we have aeon cannot ho 
heljied with a pendulum, on account of the small angle 
Avliich it moves tbrougli; but it can with ti balance, since 
thivt moves through such a large angle that the arc des- 
crihed by a pin set a litllc distance from tho vorgo -will cut 
the arc described by tho end tho lever so as to include a 
very sensible depth between Uicm. Gousequently if the 
Olid of tlio lever merely has a nick in it, and iho vorgo in- 
stead of being a complclo pinion has one tooth or pin that 
will At into the nick, the lovor and pin will act together ns 
a wheel and ]nnion for n short dislnncc in tlie middle of the 
vibration, but as soon as tho pin has got out of the nick 
the bnlaiicG may turn ns far as it pleases Avithout raoviug or 
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being even in contact with the Icverj and when it returns tlu‘ 
pin will go into the nick again and flrst move the dead part 
of the pallet off the tooth of the scape-wheeb and then reec’ivc 
the impulse and leave the opposite pallet with a tooth v(‘st- 
ing upon its dead part. Therefore this was called tlic th'- 
f.acheil lever, as the lever is detached from the balance exco|>( 
during the middle of the vibration. The pin is UHiuJIy 
made of a jewel, and it works with so little fi'ietion l-luri. 
jou can hardly (if at all) stop the watch, any more Ilinj» n 
clock with a dead escapement when the pendulum is taken 
off. The pallets arc also always made of jowcls in gotnl 

wutohes. In 
tills drawing 
IhehnlaiKie is 
jmt beyond 
its veal (Hn- 
tanco from tin' 
scapc-M’lieeliti 
order to .show 
tlicotlier j)ui'(h 
more plainly: 
it is oxhibil t'il 

at tiie middle of the impulse. The pi’actical Jidvnntagcia of 
this movement are that it is not only a very good ono, being 
like the dead escapement of a clock, and v'ithout tho dead 
friction, which is very nearly removed by the dciacliment of 
the balance from the paUets, but it is moreover easy to miiko 
and safe to wear; and if the watch gets such a fall lus (o 
break the verge, which is ahvays tho first thing to break, 
it can be mended for a few shillings, tho verge in thivS 
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esoapement boing nothing more than a plain avbov, wbieli 
carries the pin set upon a small collar. 'Whereas in llie 
two next escapements the verge itself is comparatively emu- 
plicnteclj and expensive to make and mend. 

nOUIZOWTAL ESGAPEMMNT. 

I 

118, Tt is curious that tliis, whicli was invented by mi 
Ihiglish clockmaker, Graham, is the eacapement put to nearly 
every foreign watch, wlicrcas the rack lever, which was the 
i'ouHdat-ion of llie detached lever, the princij^al Diiglisli cn- 
capomont, appears to have been invented in Franco, thoujih 
tlio detnolicd lover was invented by IVludgo, a famous chrii- 
iioinetor makei' hero. There is nothing in clocks correspond, 
ing to this escapement, and it will be best uudorsLood iii 
ouco from tlio diwving, The verge is spread out about i(s 
middle into a portion of 
a hollow oylinder, of 
which the section is 
shown at A ](. U'he 
scapo-whccl l.eeth arc of 
the shape ofa'ilutiiW 
set npon a pin, as shown 
in the second llgurc, and 
just long enougli to bo 
contained with tlie cy¬ 
linder. A tooth is here 
represented ns just es- 
cajniig from the inside of the cylinder and giving tlic iui- 
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l^iilae; for as fclio balance tui^ns to the right* the sloped part 
of the cylinder at A comes up to the point of the tooth, 
and so the tooth in making its way out, gives an impulse to 
tlio balance j and tlien llie next tooth strikes against the 
outside circular part atB, and rests on it until the balance 
turns the other way, and then that tooth makes its way into 
tho cylinder giving an impulse in so doing. This escapement 
therefore is not detached, as a tooth is always pressing 
cither upon the inside or the outside of the cylinder, and as 
in the common dead escapement, a tooth is always acting on 
tlie inside of one 2 )allet or the outside of the other, Tins 
is not unlike the pi)i wheel dead escapement in this respoot, 
that it is not very material that tho teeth of the scapo-whcol 
should be exactly at tho siune distance from each other, 
since they act successively. But is very unlike it in ano¬ 
ther respect, that it is veiy expensive to mend if broken. 

One oui'ious fact in tiiis escapeineut is worth mentioji- 
ing: it is found that the sharp teeth of tho scapc-whecl 
cut tho cyliuder less if they are jnado of steel than of 
brass. I have he.ard of no satisfactory way of accounting 
for this j and it seems that there is yet room for a good 
doal of discovery in the theory of tho wear of two metals 
Working together, in which several of the known facts arc 
clilferent from what were anticipated, especially tho necessity 
for soft bearings, made only of block tin, which is nearly as 
soft as lead, for railway tsxies at Journals j wliile on tlie other 
hand I understand tliat brass, and even gun-motal, is aban- 

■* Terhaps it may he as well to explain, that a wliecl ie said to 
luru to the riglit, ^yhc^J if you took hold of it with youv right liand 
in its natui’al position, you would turn your thumb to tho right, 
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fov tile beai'ings of lathe spiiitlles in favour of east- 
^ steel. There is no doubt, however, that iron and 
’''^opldng together require fresli oil more frequently than 
*iUd steel; and brass acape-vvhccls are nearly always 
i'oi' the dead escapement in clochs, and the lever 
d^oiiaent and all oth('r.s cxceiit the horizontal in v'ntohos, 
is just the one in which we should have expected the 
of brass teeth to he worn out sooner than in any 
instead of weaving tho hard cylinder. 


DUPLEX KBOAPEMBNT. 

^ 1). The duplex escapement is so called because the 

l^fi-whcel has a double sot of toeUx; viz., a act of long 
j 'Which merely rest agmiist 
Vox*go of the balance except 
they arc escaping, and a 
short tooth or j)ins to 
ft tile impulse al^ the lime of 
■^Do- The long teeth arc so 
•dii that their forward (jdgo is 
ac'lius of the scape-wheel and 
tangent to the anall circle 

tU ft notch in it; coixscquontly __ 

xL circle or cylinder, which is a portion of the verge, can 
ra to tho right, with no other efibet upon the long teeth, 
aix that tho frudion against them ia rather greater os the 
lOiiiixg of the notoK ptissca, than when ilxoy are merely' 
casing upon tho cylinder; but as the cylinder ia very 
lU-Hj and tho teeth long, and tho notch narrow, this extra 
icfcioii is very littlo. 'When tho balance roturns, the point 
biro tooth falls into tho notch, and goes along with it, and 
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so escapes^ and at the saine time one of the pins catches tlie 
long tooth projecting from the verge, and gives? tlio impulse. 

It will be seen that the prinoiplo of this escapement is 
]iot mjlike that inodiflcation of the dead escapement for 
cloclcs, which I suggested (45), and which if it can be made 
accurately cnougli. witli moderate care, ought to answer 
('qnally well j for here the dead friction is that of long teeth 
acting upon a cylinder of small mdiiis, while the impulse is 
given by short teeth acting against a long radius, Jf’or this 
reason, and also from the action being so direct that it 
does not require oil, the duplex escapement is a very good 
one j but, ns may be inferred from tliis description of it, it 
requires unusual care in making and puttiiig together, and 
also in carrying about; for if, by an acchlcntal twist of the 
M'atoh, the balance should happen not to vibrate far ouougli 
to lot the uotch get past tlie long tooth, the oacapo cannot 
take place, mid the balance loses its impulse for that vibra¬ 
tion ) and as it only receives an impulse at every alternate) 
A'ibi'atioiij unlike the three preceding escapements, it will 
probably not recover itself and will stop. It is therefore 
niilit for ordinary wcai'crs of wotclics, and above all for those 
ivho in winding up their watch turn it nearly ns mucli ns 
lliey do the key j a very mischievous practice with any good 
walcli, as it deranges the arc of Wbrntion for tlio wliole time of 
wiTuling up, and some time afterwards. It is not jjerhaps very 
cosy to avoid it altogether with an ordinary Icoy; and tlici'C- 
foro I sliould recommend persoi\s who have really good 
watches to get a key made witli a straight wooden handle 
like a tluckisli pencil. You can then wind up your 
wnlcli, keeping it quite steady, by a few twills of this 
pencil between your finger and thumb, and in a quarter of 
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the time that a comniou key takes. The wntchinnkcrs them¬ 
selves always use these pcucil keys. 

(miONoumms. 

1^0. The perfection of all the watch escapcinenls is 
that which has from its use acquired the name of tlie 
L'/tmi&meier movement, but was ongiiially civllcd the il<'- 
lached, the bahinee being entirely detached from everything 
else except just at the time of action: in other words tlnu'c 
is no dead friction j and moreover the impulse is given 
ditcetly, mid nearly at right angles to the line of centres of 
tlio balance and scape wheel, ns in the duplex escape¬ 
ment, instead of obliquely as iu the vcrticial, lever, and 
horizontal cscapemouts j and therefore it is not siibjeot to do- 
rangemciit by the variable stale of the oil, as it requires none. 
The teeth of 
the sonpc* 
wheel, in- 
steadofrest- 
iiig against 
a verge, rest 
against a 
stop y set 
upon a levc'i’ 
a h. This 
lever having 
only to move 

tlii'ough a very small angle is sot upon a small and stillisli 
spring at a instead of a pivot, wliicli allows it to move just 
as a pendulum spring does a pendulum. The other end of 

II .3 
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the lever Jias a weaker sprii»g i also screwed lo its in¬ 
side (that is the side nearest the scape wheel) mid prn- 
jecting- a little beyond its end. On the verge tliore is :» 
small tooth or cog c which can pass the spring in lltr 
direction towards tlie scape whed, by merely puHliing it 
aside as shoAvn in the etdarged diwving of that jiart, its ii 
lias room lo bend in that directionj but in going tli(' oilier 
way the spring cannot bendj and therefore the tonlh r 
carries the lever with itj 3noving on its own spring a j and 
in BO doing tha stop S is puslied outof the way of the lonlh 
of the scape wlieeh which is therefore let go; luid at tliai 
moment the long tooth or snail end attached lo the viigo 
(which corresponds exactly lo that in the dujilex ein'iijH'- 
mDnt)j comes into sncli a position that the looLli of Ihe 
scape wheel catches it and gives the impulse. 

It is evident that this also is an oscapcmeiit (liiil rr- 
quires considerable care in making and using. Ihiwevi r 
it is never applied to any but cluoiiometora, or Iho viti 
best watches, oiid tlioso of considerable size, and pcifinn^ 
who possess them are aware tJmt they are instrunumls of a 
vory different class li’om an ordinary watch. It is nn ii. 
tioned in the Eiicyclopeedia Britamiica that a maker of 
the name of Owen Bobinson made use of long teotli for lln- 
stopping pai't, and short ones for the impuho, ns in flu' 
duplex escapement, but tho contrivance has not been gme. 
rally adopted. Probably tiro fidetion of uiiloelcing Hm* 
common teeth is so small tliat Uic two sets of teeth witc 
not worth the additional iawiblc, and tho long teeth iti- 
creased tho inertia of the balance. ' 

l!il. It may ho observed that os the lovor is not cniiii- 
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t'eriJoised, tlic work to be done in unlocking is diircient, 
nccoi’ding as tlic watcU is placed vorticnlly with the weight 
of the lover pressing towards the scape -wheelj and therefore 
having to be lifted at unlocking, or the other ^vay up, when 
the weight of the lover hdps to unlock it, or horizontally, 
when the weight acts neither way. Consequently it is desira¬ 
ble to keep a ebronomotor always in one position; and that 
]]osition is tlio horizontal one for another reason, which 
applies to several ilnng.s besides chronometer balances. 

If you lake a snndl jKirtable clock with a balance 
heavier tliun any watch balanc-c, and lay it on its biujk or 
side, and observe tlio vibrations of the balance, you will bcc! 
that tlicy are uuuh hiss than when thii clock stands rrp, so 
that the balance is horizontal. The reason is that a ])ivot 
slaiiding upright and with its point resting on a hard 
surface, and merely ko))t in its place by the liolo in which 
it is ])hu;ed both at the top and bottom, moves with muck 
less friclioii than the same pivot set horizontally in circular 
pivot holes, .hor, hoM'evi*r thin the pivot may be made, 
of course its point can jdways be made smaller, and in fact, 
if the wheel is light, it may upjn’onch indeliuiUdy near to a 
point, in whhh case timre would be no fikdion, at least none 
which the weight of the pivot ami its wheisl ■would angmenl, 
the lateral friction against the aides of tho hole being iiide- 
pendont of the weight resting ou the vertical pivot. Ship 
olironomcters arc accordingly kept horizontid by being hung 
in f/imhala (see next page), which iu’(} in fact an imiveraal 
joint, the chrononicter having two pivots I), W, wliich move 
in holes in a large ring having other pivots N, S, at right 
angles to 11, W, wlvicli turn in holes in the sides of tho box, 
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Tlic fly of the Btrikiiig 
part of very large clocks 
ia in like manner some¬ 
times placed with its axis 
veiiical, being connected 
with tho ti'ain by bevelled 
wlicelsj partly in order to 
avoid the friction on the 
])ivot3 of such a heavy fly 
movingwith great velocity, 
and pai’tly to save room. 

122. Another remarkable application has lately been 
made of this jjrinoiplc of using vertical pivots ) viz. in Iho 
ship compass. Everybody knows Iho common way of doing 
it, viz., fixing the aud upon a conical cap, or in¬ 
verted cup, standing on tho top of a sliarp spike. This, of 
course, has very little friction, when merely revolving level; 
but then it is liable at sea to great disturbances which some¬ 
times render it useless; and moreover these vertical oscilla¬ 
tions soon wear the point blunt. Mr. Dent has therefore 
lately applied the chronometer suspension to compasses; 
tliat is, the axis goes right through the carc^ liko the axis or 
verge of a watch balance, and rests at the bottom on a 
jewel or hard piece of steel put undra the pivot hole, and 
at the top in an ordinary pivot hole set in n frame above 
the card, the whole apparatus, as usual, being swung in 
gimbals in the same way ns Iho chronometer just nou’ des¬ 
cribed. There appear also to bo several colluternl advantages 
in this kind of suspension besides its steadiness; such n.s 
the power of making the compass os ehggish as you plcns(3 
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by moans of an adjustable spiiiig pressing against the side 
of tlie upper pivot, and tire power of inverting the compass 
to ascertain tlie error of collimatim. However, it rvould be 
out of place here to dwell at any length on tlie compass 
suspension, which i.s only introduced as an illustration of the 
prineiplo of suspension of the marine chronometer. 

I said just now that the lower pivot of this compass 
rests on a hard piece of steel or a jewel. In the escapement 
of all good watches, and in the best cloclcs, there are what 
are called that is, tlio pivots are not Icept in 

their place endways by tlicir shoiUden, but by stops, of 
metal in olooks, and jewels in watches, against whicli 
the pointed ends of the jhvots rest, not of course tightly, 
but sufiloiently close to allow only the necessary shake 
or fr(jRdoin. I'lie necessity of this frccdoju, both end¬ 
ways, and sideways, of all the pivots in clock and 
watch ivork, is one of tlic points in which it differs from 
common ongineering j for in other machines there is 
generally force enough to spare, so that a slight degree of 
tiglitiiess in a pivot doos not signify, especially if plenty of 
oil is used. Hut in tlie going part of a clock such an 
oeonrreneo would jnobably stop it. Hesidos the end-stops, 
tlie pivot lioles for the balance, and the soape-whccl, are 
made in jcwcl.s in good watches; and beyond these there 
appears to bo no use in jewelled holes; and watches that 
ar(i called jowolled in eight or ten holes aro often inferior to 
those which are only jewelled in flic foiu' I have mentioned. 

NHW SITO mTOH. 

123. [t requires some expericuco and quickness to note 
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the exaci second at which any phoiioinenon ia!c( 3 s plact' 
which you have to employ your eyes upon. Astiononieis 
do it by looking at their clock at some given secojulj ami 
tlien counting the bonis from it by car ns tliey look throng) i 
Uie telescope; and cx|Mjricii© 5 d porsoiw enn do ihia to ji 
tenth of a second. But for the purpose of making tins 
more easy to ordinary people, watches Iuiv(5 been lately 
made with a large second-hand, carrying some (loloiii'iiig 
iluid on its end; and tlicrc is a small pin whieli you 
press with your finger at the moment when you observe llm 
phenomenon, and this presses the point of the sceoml-hand 
upon the dial, and so makes a mark, whieli you etin iifler- 
wai'ds examine at your leisuwi, and wUliouk tlic necessity of 
employing your attention on counting tlio sitconds. '{"liit 
same thing used to be done by the pin slopping tlie walcli 
when it was pressed, which of course made it wrong ut'ler- 
wai’ds. In a stop watch, of cither kind, you (jun only 
denote the time to that fraction of a second, wlmsh tlin 
scape-wheel happens to beat; and therefore a watcli willi u 
lever escapement will be better for this purpose tliiin oiio 
mill a detached or duplex movement, siiioc in them (in* 
second-hand only moves at every aUernato vibration of tin* 
balance. 

In other respects watches diftbr so little from clocks in 
the principles of their construction, that il. is imncccssary in 
say any further on that subject. But tiiere still remains I o la t 
noticed a condition wliich is oven more essential to Mitr 
aocui’acy of their performance than to that of clocks. 1 
mean the 
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124'. The balance of a watch requires coinpcnsaiioii 
much more than a pcndiilmn, if it ia to be exposed to 
sueli ohaiiges of temperature as chronometers are, thoiigli 
•watches carried in the poclcct are not aubjeftt to much vari¬ 
ation of that kind, unless they arc left exposed in cold 
nights. The variation in the elasticit y of the spring, which 
nlFecls in a small degree the vibration of a heavy pendulum 
whoso time ia mainly detonniued by gravity (G5), affects a 
light balances whose time of vibration is mainly detorminod 
by the force of tbn spring a groat deal more. I extract 
from a small pamphlet on oomponsatiou balances, publiahod 
by Mr. l)(int, the followijig results obtained from a glass 
disk as a balamio, wliicli mis used for tho experiment 
on acnouiit of tho moment of inertia of such a disk being 
loss alfoctcd by leiupornturo than a iiiotallio one. 

Temperature. Vibrations iu an hour. 

33“. 3005 ■ 7 

351)8-3 

100''.3530-7 

(The jn-oper number being 3000), Supposing, therefore, 
that tho halaneo had been adjusted to go rigid at 33°, 
it would have lost 7'54 and 8*5 seconds respectively for 
the lirst and Bccond increase of 34°, which is equal on the 
average to more than 3 viinuks in tho day; whereas we saw 
(57) that a common iron wire pendulum would only lose 10 
scGoiuh in a day, witli about li more for tho spring, under 
such an increase of heat of 34°. And if a metal balance 
had been used instead of a glass one, tho loss would have 
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been still inorCj on account of its expansion. I believe it is 
not far from the truth to say that the etleot of the expan¬ 
sion of the metal in a balance is as inueh less tlian llmt of 
the weakening of the spring, as the effect of the weakening 
of the spring is less than tliat of the expansion of the 
rod in a Isee. penduhim. Anybody may easily satisfy liimself 
that the variation in the elasticity of a wutch-sjniiig vastly 
exceeds in effect that of the spring of even a short jieinhi- 
lum, by putting a common watch and a bnioket-elocik with iv 
pendulum together in a cold room in winter, niul adjusting 
them (if necessary) till they go pretty well together} then 
shut thorn up in a hot room for a day, ami you will .see tiint 
the watch has been left several minutes behind by the eloob; 
ill consequence of the greater effect of the licat upon Ihn 
balance spring than upon tlie pendulum spring; for an fni' 
as the expansion of the metals is conccrnctl, the bahmeo ami 
the peiidulmn rod will expand about equally. 

125. The difference in tlic amount of compensulioii 
requii’ed by a balance and a pcndiJum is so groat, that il 
cannot be efleeted exactly in the same Avtiy, though all llio 
methods that have been invented depend upon the sauui 
principle, of making small weights attached to tlio balaiu-o 
approach nearer to the centre as tlic heat increusi's, s(j as lo 
diminish the moment of inertia, or tlie rcsistanco lo tlx; 
force of the spring. 

It is true of a balance, as of a poudolmn, that if 
it were composed of rods or spokes >vitlu)ut weight niid 
a rim consisting of a single heavy line, or oven a lino with 
weight in only one point, the time of its rovoliitinii woiiUl 
depend (the force being the same) solely on the Htjiiiirt^ of 
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tlic radius of the rim. But ns the mere cxp.aiisioii of the 
Avheel itself produces a small effect compared ^Wtli the 
decrease of force in the spring, it is evident that wo must 
liavc some more violent method tlinn the straight forward 
cxpimsion of one metal over that of another, which M'ill do 
in a pendulum, to produce the requisite effect in tv balance. 
And tliis elTcct is produced accordingly by the emmlinear 
expansion of one metal upon another. 

If you fasten together tightly, os by soldering, a bar 
of iron and of brass, and lieat tliom, the brass expanding 
more than the iron will evidently bend the iron inwards. 
The M'ay, tliereforc in wliicli a compensation balance 
is made is this. A ring of steel is made witli a bar 
across iho middle j outside the ring is cast another 
ring of brass iu such a way tvs fmnly to adhere to 
the steel, iu fact to be brazed to it; this ring is then 
filed up to the proper size, and then n broadish cut is 
made thvougli both rings at each 
of Die corners A, 13 j and Ihwlly n 
few screws witli heavy heads nro 
set iu various places near the cud 
of each portion of the cut ring. 

Consequently, ns the hwvt dimi¬ 
nishes the force of the spring, it 
expands the outside brass curves 
more than the inside steel ones, aud so their ends, with the 
additional weight of the sorows, bond inwards towards the 
centre of tlvo balance, and its moment of inortia is dimi¬ 
nished. 'I'bo proper ivdjusf.mont of these screws is, ns may 
be .supposed, a very delicate operation, and requires a great 
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many trials at (lifToroiib tcanpemturas, and ciiu ilicrcforo only 
bo done ill ■winter, or l^y means of freoziiig inixtures; and 
is conflC(iuontly viay expensive. And many ■\vaLclies with 
oompensatiou balances are sold, which liavo novor been ad¬ 
justed at all, and nobody can tell by merely lookin[f at 
them whether they have or not. They may be somewhat 
bolter tlum completely uncompensiiLed bahinccs, ns the 
8(U'(nvs have jirobably been put in according to the common 
rules for a first approximation; but iliis is a matter in 
ivlucli no security can bo had oxci^pb tluj reputation of 
tlm vendor, unless lie ivill allow the wiitoh to be taken away 
nud tn(5d in diirerent temperatures! any person, of ordi¬ 
nary observation, who has tiie means of resorting to a 
good clock (jau easily try whether the (ioniponantion is 
tolerably complete, or is over-done, as it Bonietiinos is. 

A similar contrivunco has been applied to coniponsato a 
pendulum i two coniponiid rods of this kind, with the brass 
side doNViiwards, being made to project from the bob, and 
wu'ry balls at thoir emls, wliicli tlierefore vise as the bob falls 
and the brass cxpaiuls. They have, llo^vovel•, never come 
into general uso, and nil such projections from, a ponduluin 
are objoctiouiiblc on account of their iemloncy to twist if not 
placed oxnotly in tho plane of vibmiiuu; and it would bo 
unsafo to trust to a coinpeusatioii of this sort without nctuiil 
trial, which would make it at least ns expensive as a ziiio 
oomponsation; anti on a largo scale the coinpoimd Imrs 
would probably split thomclves nsuiulor instead of bending. 

SKCONDAIIY COMPENSATION. 

ISiO. Still howovor tire com])cnaation is not completely 
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effected in this way. Tt has been found tlmi if it is ad¬ 
justed for two extreme teinpemtiu-osj such as 32° and 100°, 
the watch ^vill gain at moan temperatures, and if adjusted 
for mean it will lose at extreme temperatures. Tlic reason 
is this. The force of the spring is nseertained to vary as the 
temperature j but the isoclironisin at diUcreiit temperatures 
depends upon tlio ratio of the force of the spring to tlie 
inertia of the balance rcmuiiiing tlic same, just as the time 
of a pencliduni depends upon the ratio {)f the force of 
gravity to the radius of oscillation. Now by the ordinary 
method of compcjisfiiion the woiglits approach the centre at 
a rale nearly proportionutu to that of the increase of toni- 
poratiu’Oj in fact I'nlhor luore rapidly at low icinporaturos 
than high ones, which is just the reverse of what is wanted. 
.B’or the inertia of the balance depends on the square of the 
distanccj of the weights from the coiiire; and therefore in 
order that it may always boar the same proportion to the 
force of the spring, the distimeo of the weights ought to 
vary more inpidly iluiy are near the cemive than vd\on 
they are far from it, that is move rapidly at high tempera¬ 
tures tliaii at low ones. 

''.I'o persons accustomed to mathematical formulm the 
Jiaturo of this result wiW bo clearly exhibited by observing 
that if r bo the dislaiKio of tli(5 weights M (whitsh for con- 
venionee we may su])poso to be tlie whole mass of the 
balancii) from the centre, tlio now moment of inertia, for 
an increase of teinporaturo which cansos an increase of r 
which wo may call dr, will bo j or the 

ratio of the now inertia to the old will bo 1 + -y— -f (~). 
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The reader may remember that in the case of com- 
peiisated peiululiiina we neglected the quantity corres- 

jiondiiig to ) because of its smallness; hut the com- 
jiBiisatioii required for a balance spring is so much greater 
than that required for the expansion of a penduluiu rod, 

that the effect of the term now becomes sensible; 
for, os was stated before, the object of these compound bnrs 
of balances is to make r vary imicli more rapidly than it 
could do if the metals acted only by tlicir direct cxpaii- 

—j whicli renders ncccssaiy what 
is called the secondary compensaiioa, which is of course a 
groat deni smaller than the primary O3io ^yhich is roprosoiitcd 

by but still is largo onough to require a special contri¬ 
vance in very ncom’ate clironometers. 

127. Or to adopt tlic illustratibu given in the pamph¬ 
let 1 have referred to, the variation in the force of the 
spring may be represented by a straight lino AIJO in¬ 
clined to the straight line of temperature at an angle re¬ 
presenting the ratio at which the primary compensalion 

must advimcej whcrc- 
a.s tlie variation in tlio 
inertia can only bo 
reproseiiicd by n curvo 
suoh as A. d C, which 
can bo made to eoi]r- 
cido with the Hlrnigbt 
lino at any two ptdnts 
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M'c’ ])lc'as(’j but nt no olhei'S. Tliis figure will show that if 
we make lliem coincide at extreme temperatures the curve 
ial]5 below tlie straight line at the intermediate temperatures^ 
or the inertia is too little for the force, and the wntcli will 
gain; n'liereas if u'c adjust it for any tAVo adjacent tem- 
p('ralures it will lose for all above or below them. 

128. {Several contrivances have been adopted to effect 
this object of making tlie weights move faster vdicn they 
are nearer the centre. It will be sufRcicnt to describe one 
of them in sucli a way as to show tlie principle of tlicir 
constnictiouj which is, if compound bars arc used, to give 
them siieli a ciu’vuturo ns will carry tho weights at the ends 
in a direction more nearly coinciding with a radius of the 
will'd when they arc iicarer the ceniro thiin when farther 
from it. It M-ill be easily scon from this drawing that if 
the curved pieces are made of 
brass and, steel, with tho brass 
inside the curves, they will 
carry the wiagliis inward as 
the temiKirutureincreiisoSj and 
that the motion will be more 
ill a radial direction when they 
are C()in])ai'alivdy near the 
centre than when far from it. 

129. The method just now dcvscribed is Mr, i)i!iit'’s. 
It appears from a report of tho astronomer royal to the 
Admiralty, in a parliamentary paper lately published, that 
the same thing was done to a certain eximit and the 
principle of it suggested hy a Mr. lOill'e; and that it has 
lately been doin' with great success by Mr. Loseby (several 
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of whose clu'onoineters have been accorelmgiy piirchnscid 
for the Admiralty) by means of mercurial tiibcSj curved so 
tliat the expansion carries the mercury out^vartls, when its 
extremity is near tlm, centre, more rapidly than it docs when 
the meremy has reached a part of tlio tube more distant 
and more curved towards the centre. I have no means of 
giving a correct drawing of Mr. Loseby^s compensation 
tubes, but the principle of their operation is suincicutly 
evident. 


END Ol' niWTHR a. 
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CitAPTEIt III. 

ON CIITJHOIT OE TUEEET CLOCKS. 

TjU'I pi’iiicijml diffcrcnco between cliuvch or turret clocks 
anil liouRO clocks is iii iheivsi'/o. But this clifferonce mnkos 
it nocoasary to attoiiil to some tilings in their construction 
wluoli hardly require consideration in small clocks. More¬ 
over they cannot ahvays be made in tlic same u^ay, because 
tlioy have to adapt tlHsmsclvcs to various situations, and 
have very dill'cront amounts of work to perform, and arc 
reipurod^o satisfy very dilfcrent conditions ns to accuracy 
and price. 

PJfiNBULUM. 

160. In all eases, liowevcr, the first thing to attend to 
is the steadiness of the suspension of the pendulum; which 
may vary in weight from J. to 3 or 4 cwt., according to the 
si/,e and number of dials tliat the clock has to work. No 
rule can bo laid down upon that point} but for the reasons 
stated ill § 3i) tlio pendulum ought alu'ays to he ns 
long and lieavy as i(. conveniently eaii be, and tlio greater 
the amount of friction, and thcmforc variation in force, the 
ii'ain is liable to, from large dials, tho greater necessity there 
is for a jiowerfiil ]Hindulum. And the heavier and longer 
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tile pendulum is_, the more it will require a firm support j nnd 
this is generally best obtained by fixing the cock which 
caiTies it to the wall behind the clock. Tlic cock should 
bo cast on a large iron plate, which is fixed by bolts leaded 
into the wall. The bolts should have shouhlcrs to receive 
tlie plate, or else screwing tlie nuts on will tend to draw 
them out of the wall. And the bolt holes in the plate 
should be largo enough to allow some motion for adjust¬ 
ment. Por cheap clocks the cock may bo merely a strong 
piece of cast iron, leaded into the wall, with a proper 
opening in it w'ide enough to carry the spring and vhujis 
in the manner described for astronomicnl clocks (20), whioli 
is the only way of fixing the top of the spring firmly. 
Jiui cave should be taken to put Uic cock in so that tlin 
pin through the chops will lie quite level and also parallel 
to the wall, or at right angles to the pullet arbor, and only 
so much above it that tlie bend of the spring will 4 ?ome just 
opposite the end of the arbor. 

ISl. The spring sliould be broad and thin, not 
narrow and stifl', and not more than 4 or 5 inches long, 
from the chops to the pcnduliuu top.* Sometimes, to 
prevent the peiiduliim from twisting, two narrow springs 
are used, separated by about an incli, lint a single mui, 
broader than the two togctlicr is bettor, nut only becauHO 
it will olfect the viiirations less by its ow’ii elasticity, but 
because, if tlie two springs arc not exactly of the same leiigt h 

* Mr. Dent lins found he eau get from tlio anw-iniikers bnU<;r 
pieces of steel for turret-clock springs Umii from professed .sprinn;- 
mnketrs, micl At half the cost. I hftvo seen some specimeus of cacit, 
naid (here is no question which is the best. 
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and sti'cngUi, they will lend to twist the pendulum at every 
vibration. The chops may bo as well of east iron as of 
brnssj and tlicy sliould be screwed together througli Ihc 
spring ns near the bottom as can be. Tn Ihis drawing I 



have sliown the chops and spring and a side view of the 
cook and the plate bedonging to it, and the Icwisos of the 
holts. T have also given a front view of the form of plate 
which appcai'vS to mo the best for obtaining steadiness with 
four bolts. 

3,'12. Of course a compensated pciululuin is hoLlor than 
an nneompensaied ono; but tlio expiciiso of compenaaLing 
a 14 foot pendulum is an obstacle to their use. 'I'bo hlx- 
clmngo clock is the only one in England, if not in the 
world; with a (iompensaled pondubim of that length. Mr. 
Dent; however; 1ms lately begun to use 8 foot pendulums 
compemsated; ^vitli bobs of nearly 0 ewtj and it appcfirs 
tlint such pendulums do not cost above i£7 or iC8 more ilian 

1 


















170 


TUllIlET CLOCKS. 


a w'oodi'ii (nio (’([iijilly well miula. It may bo as well to 
roiiijii'k [tint tm/' tubes of zinc are not found snfiiciently 
to ('xjmiul inul contract as they ought to do; and 
fouHtaiutuitly it is nciccssary to make ttio comjjcnsation 
lubea oi seviU'al tubcH of Liu; common slmei zinc soldered 
tngi'thorj ill ordm’ to obtain suflloieiii strength to carry a 
tu’avy boh -witlioiit Ixouling. 

.1 JlJi. If the iiondulmn is made of woodj whether deal or 
iiuvUoganyj it sliould be as straiglit in the grain as possil)k'> 
iunl fi’oo iroiii knots, and not above half an inch thick and 
t^vo inchoa wide (■\vhieh is strong onougli to bear sevond 
1 ouh)j for the thinuoi it is, tho less tho weight of the rod, 
luul tlici'eforu the; nulius of oscillation of the pendulum, can 
be elfeciecl by its absorbing moisture, and tho straightor tbo 
b(dj will keep it if it has nny tondouoy to bond. It should 
be dry mul well varnished several times over, and tho ends 
ought to bo well fliituvnted and all tho screw holes, to keeii 
out tile damp. The wood should reach ns near both to tbo 
lo)) and till) bottom of the pendulum ns the necessary metal 
terininations Avill allow j and with that view, perhaps, it 
is boiler to make the crutch with tv pin to go into the pen¬ 
dulum rod than wii-U a fork; the pun should bo adjustable 
for beat in the cud of tho crutch. The pendulum sliould 
cud in a point, and should liave a degree pdate under it 
marked to about 10'. It may bo convenient to state that the 
length for a degree on tbo plate is very nearly -gVtb of the 
wliolo length of tho pendulum, and no very great accuracy 
is necessary, ns you only want lo see bow much the are 
varieff. 

When an eight feet pendulum is used, it is generally 
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bolter to olevato the clock, so Umt the pendulum is wliolly 
within the cliamher, than to let it hang down in a box 
bclo^v for otherwise tlic bob cannot in most cases bo easily 
got at to regulate the pendulum, ov to observe the arc it is 
swinging, ^v]lich affords nn indication whether the clock 
wants cleaning or not. Tliei'c can bo a moveable pair of 
steps or platform to wind up by, which when not used will 
go under the clock, and so take up no room, as a fixed jdat- 
forni w'QuId, I may add, that the screw for raising tlio bob 
ought always to bo at the bottom of the rod, and not at the 
top, or, still worse, at the side of tho bob. In a compen¬ 
sated pendulum it would, as a matter of coui'so, bo put 
at tho bottom j and in n wooden one it cannot bo put at tho 
top without making part of tho rod of metal j and if it is 
put, as it sometimes is, at the side of the rod, a little way 
above the bob, alloring the screw has a tendency lo bend 
the rod, so tliat the bob docs not Imng vorbically upon it. 
Caro must bo taken in making compensated pendulums, 
both tliat the bob and compensation tubes do not turn witli 
the nut, and also that when you hold tho bob steady, turn¬ 
ing tho screw docs not turn tho rod, and so twist tho spring; 
and therefore tlio zinc tube must not rest on tho nut, but on 
a collar, which slides on n square or some other unciroular 
portion of tho rod, and tho collar and the nut shoidd present 
convex surfaces to each other, lo allow tho nut to turn more 
easily. Ilcspccting tho slmpo of tlio bob, and the method of 
adjusting, 1. have already spoken in § 70, 71. 

lyi). 'J'lioro is a practice, not uncommon witli country 
clockmalcors, of hanging tho pendulum to the wiill at tho 
side of the clock instead of bcliiiid it, and connecting it 
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mfch- the crutch {whicli sometimes goes up instead of down) 
by a horizontal rod two or tlireo feet long. Tliis^ tluiugh a 
convenient arrangement in appearance, is a V(ny bad oins 
for the performance of the dock; for it is ovidciit that (lit* 
friction, and the shake, of the two additional jhvotH niual' 
tend to diminish the vibrations of the pendulum, or in ol lu r 
words must require a greater force on the pallets to iiiiiin- 
tain tire proper vibration; and therefore, by virtuo of ■wliiit 
is stated in § 86, must make tho clock go worso iluni if llu; 
pendulum were suspended in the common way, just oppu- 
sito the pallet arbor. No doubt there may b(i ciisi's itt 
wliioli it is hardly possible to suspend a long pcncliilum 
any other way; and when it is necessary so to sinqiond it, 
the honzontal connecting rod should bo ns light as poasiliKv 
and its pivots small and accurately fitted to tho oruloli ami 
the pendulum, so as to dimmish tho friction and Iho sbakis 
in the pivots as much as possible. Moreover, care imist lus 
taken, that the crutch and the pendulum move oxmdly in 
the same plane, or the impulse of tho pallets will tend lu 
make the pendulum revolve in a sort of elliptical cone, in¬ 
stead of vibrating in a plane. 

135. If the pendulum cannot be fixed to tho wall, or if 
the clock fiame itself is very strong and firmly fixed, i(; iimy 
ho hung frOm a flat iron bar going over the tnj) of llui 
frame, and having a nick in tho end broad enough (o admit 
the chops. This bar will have to bd screwed into both (liii 
, back and front of the frame, and before tho screw holes am 
made, it should be carefully adjusted, so that the poiidubiiii 
^viJl swing exactly in a plane at right angles to tho pallcU 
arbor, and having the edge of the spring exactly oppoaitu 
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to the end of tlio pallet-arbor; wbioli may be effected by 
taking out tho arbor, and looking tlirougli the two holes in 
the framo at the spring, and seeing that it is in tlie middle 
and ai)pcars merely as a line. 

mum. 

130. It is of nearly equal importance that the frame 
wliicdi carries the wheels should bo strong and steady, The 
frauKs of astronomical and house clocks consists merely of 
two jdates of brass joined together by pillars at tho corners. 
T1 k 5 frames of turret clocks arc piade of iron bars so placed 
as to carry the arbors of the wheels, '.riio old fashioned 
way is tt) make tho frame consist of a front and a back sot 
of bars joined l)y pillars like a house clock, and requiring 
to be taken to jheais to get the wlieels out when they 
want cleaning. This is still done in second-ralo clooks, 
Uiougli it may very easily ho avoided. Tho frame ought to 
be so madii that when once put tog(!ther mid screwed down 
to its stand, tlio substantial parts of it should never be 
taken to jhecps again; and this is either done by making the 
bans which carry the wheels separate pieces, screwed on 
to tlio more solid parts of the frame, or, what is better, as 
regards the smaller wheels, by making tho brass biislm 
wbicli contain the pivot holes to take out, and then tlio 
wheels can bo removed siqiaralcly, at any rate suflicienlly 
to clean them. These loose bushes aliould have their three 
screws set so as to form tin isosceles, not an equilateral tri- 
angle; for if they are at equal distances tho bushes got jiut in 
in difTeront positions, and as the pivot hole is not likely to bo 
bo exactly in iho middle of all the screw holes, it gets dis.; 
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torted from its true place. If Uicre arc only iw'o hcihim k 
there should also he one steady pin, for ilm same piirpoHC. * 
The whole of the framCj or of each side of it, sliould be eiifit 
in one pieccj and the piDai-s should have broad slioulders ami 
strong threads and nuts to unite the two .sides logeilier, and 
the finme should be from ^ to |th inch thich according in llie 
size of the clock. Then the two barrels may 1>C5 seh in .st'jJii- 
rato bars bolted to each side of the fitimc. AH the ri'.st of 
the wheels may be insei'tcd by means of moveable hunlit-M 
and ivithout any extra burs to tlie frame. In this way Ibo 
frame is stronger', as ^voII a§ elicapcv to make, ihan if it is 
made in many pieces whicli have to be iUled to eueli otlui'. 
But there are several vju'ictics of clock frames whie.h it niiiy 
bo as well to dcscrilro scpaviilcly. 

137. Fii'st suppose there are to bo four wlicols in ilio 
train, as iu a house clock, and all the ui*hors of the saints 
length as the barrel, tliis being the most ordinary kind of 
eonstruotion. Then a frame such ns this will bo perhapa 
the best and most compact form. I have iuseried tins end 
of the bar which carries the peiiduliun, in order to uluiw 
how it is to bo placed if the pendulum is nob iixed to I in-, 
wall. I have not indeed seen a frame of this form, and 
possibly the arraiigement may bo found on trial to rci[uirc5 
some little modification j but a dookmaker to wliom ,1 .sug'^ 
geslcd it said he sliould use it^ and when it is 
to resort to a four-wheeled train, this kind of frame will 
carry the wheels witli a less amount of iron work tlum uamil. 

P P r P are the four pillars, and a fiftli might ho iiism'lt'd 
in a large clock in the cross bar whioli carries the s(iaj[)e- 
wheel and the hammer lover, and wliich has the locking 
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plate set upon a stud outside. The numbers of tlio Icotli 
wliicli I liavo inserted are of course nrbilriuy, and may be 
altorcid in the projicr proportions. 

I have put down tlwj great wlicul of the going part as 
turning twice more in the week tliaii the striking great 
whoelj because the striking part almost nhrays requires a 
heavier weight, and thereforo a thicker rope than the going 
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purt. The requisite tliioknesa of rope can be allered by 
altering the diameter of the bwrol or the fall of the weight j 
or if the fall is limited by the situation the weight can bo 
incrensed and an. additional pulley added. It isj liowever, 
to be reinemberccl that every extra pulley adds very eon- 
siderably to the friction and requires a still furiher addition 
to the weight to overcome that friction. I was lately able 
to take dOlbs. off a striking weight by merely removing a 
guiding pulley which had been needlessly introduced. It 
is a matter of experiment what thickness of rope a given 
weight hanging by a single moveablo pulley requires: a 
good rope half an incli ‘thick appears to be strong enough 
for any weight that is ever put to such a clock; imd con¬ 
sequently the barrels need never be more than a foot long 
in a clock of tliis sort, as it is not supposed to bo one of 
very largo size. 

138. If the striking wheel has eight pins, it must have 
eight times as many teeth ns there are leaves m the pinion 
of the wlicel above it, iu order tliat that wheel (whitdi I 
called before the second wheel) may tm’ii once for every 
blow that is struck (see § 93) j and the second wheel must 
ako drive tlie fly some exact number of times in (;acli 
revolution of its oivn, since in turret clocks tho fly aihor is 
made to carry the pin which is stopped by tho detent D 
when they have done striking, ns before described, the lly 
itself being sot outside the frame and having arms a foot 
and a lialf long or more to carry tire fans, and thereforo 
moving much more slowly Iharr iu house clocks, where it is 
within the frame. These arms ar'e not rigidly fixed to tho 
arbor but to a socket which turns upon the arbor, and luvs 
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a rafcchett and click so iilaced tliat when the arbor is di’ivcn 
by tlie clock it carries Uie lly with it, bat -when the clock 
Ls stopped at tlie cud of the striking the fly can go on 
by its own moniciituin, as it could not be stopped sud¬ 
denly without the risk of breaking aoinetlung. It is this 
motion of the fly over the ralchott-iecth which makes tho 
noise like winding up that may bo lieard in the tower after 
a church clock has done striking. 

In the above drawing Iho locking-plate or count-whccl 
h L is outside the frame, and is driven by a small pinion 
of 8 sot on to tho projecting arbor of the striking-wheel, 
Tlie lifting piece A C D is sot on an arbor whioli is ^vithin tho 
fram(5 but projects through it and has the arm 0 35 set on 
to it outside, which works into the locking plate. Atl^ 
there is a roller Avhioh rolls upon the circular plate with a 
piece cut out of it fixed to the second wheel. Tho snail at 
A on tlio centre wheel I'aia&s that end of tho lover, and 
Uierefore depresses the other end, so that tho pin in the 
fly-slop slips past D and I'csts i^^inst E wlicn tho clock 
‘gives warning.' ‘Wlioii tho snail lets tho end A of the 
lover drop, the fly is set at liberty j and ns tho second 
wheel begins to move, tho ciroulnr pinto and roUor depress 
tlie hiver so far as to let the fly-pin clear both tho stops D 
ajid 35, and then the locking plate by moans of tho arm 
C) B not only keeps the lover there but moves it a little 
fnrtlier in tho samo direction, merely for tho pni’poso of 
taking tho friction off the second wheel whicli moves 
quickly, and trnnsfering it to iho locking-plate which moves 
veiy slowly, In fact tho roller 3? is not strictly necessary, 
for tho locking plate alone might be employed to raiso tho 

18 
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level'; as described in § 03; but it is safer to liavc it I'nisec! 
at first by a wheel tliat moves so quickly iliat the liftin{{* 
piece is sure to be out of the way before tlie Jly has iiiaile 
one revolution, Of eoiu’se the end A of tlio lover must bo 
made a little heavier .tlian tlm other cud. 

THliJm-WBEELED TIIAIWS. 

139. I have siqiposed each train to have four ^vlirols. 
But it is evident tliat it will move witli less Motion if the 
teeth can be so proportioned timt tliero may be only Ihrri! 
wheels. Now if we assume that the centre ■wheel slinll 
tvu'u once in the hour, we can hardly make the scape wlioel, 
wliich is now to bo tlie next to the centre wheel; turn in 
less than foui’ minutes, wlucli liou'ovcr can bo douo whero 
there is a two seconds piendulum with a scape wlicel 
having sixty pins instead of teeth initj but it requires a 
largo number of teeth in the centre wheel. In tliis ensc 
the gi'cat wheel may remain the same as before. In the 
striking train the second wheel is disiiensed u’ibli; but a 
longer fly is required; and if the number of inns in tho 
striking wheel remains tlic same the great -wheel ■svill also 
remain unaltered. TI>e locking-lover however wifi have to 
lie altogether worked by the locking-plate, which require.*} 
■very accui'ate adjustment of the nicks to make tho lover 
rise and fall exactly at the right time, and the locking-plaltii 
must he large in proportion to tlio length of the arm 0 B 
ill order to raise it quickly enough. Altogetlicr this is 
imther a critical movejnent, though I luavo seen it answer 
very well in well madejdocks, such as Mr. A^uliiamy^s, who 
generally uses it, as well as the corresponding going train. 
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140. But there is anoUierway of making three-wheeled 
traiiiS; ^^■hich is better oh several necoiints. Tirsl; of the 
going train: it is not at all necessary that the centro wheel 
should go round in an hour j for there may be a subsidiary 
wheel (i. e. n side wheel not forming pari of the trflin)^ which 
turns in .the hour,, aiid drives the dial-work; such a wheel 
is in fact used in the tlirce-wlieeled train I have just now 
described, to reverse the luotionj and an extra wheel of this 
sort does not cause nearly so much friction as the introduc¬ 
tion of another wheel and pinion into the train. Suppose- 
wo make the groat wheel to turn in three hours insteucrof 
six or eight, aa in the four-whcolcd trainj then, if it has 
liiO teeth, and tlm next pinion pins or leaves, the 
second wheel will turn in 18 iniimtos, and if that Ims 
108 teeth, and the scapo-wheel pinioJi 12 us boforo, tlio 
same pendulum and a scape-wheel with 80 pins only, or 
an eight feet pendulum with 40, will do. This is the train 
in Mr, !Doiit^s largo tuiTot olocks, with occasional variations 
of the numbers for particular purposes. 

T'lie sul)sidiai'y wheel, to ho worked by the great wheel, 
must bo ouo-third of its sixo, so ns to turn in the hour : the 
manner of fixing this wlmcl I shall treat of under Tvdjust- 
iug work.^ But if the barrel turns in three hours instead of 
eight, it will have to make 64 turns in the eight days 
instead of 24, and so will require a much greater lougtli, 
and if all the arlmra are made of tlio same loiigi li as this long 
barrel, it will multo the whole machinery very heavy, .hi 
order to get rid of this objection, what is called a double 
frame is generally resorted to; that is, the barrels and their 
great wheels have thuir back arbors in tho same frame 



180 


TURUTiT Cl,OCKS. 


as tlie test of tlie wheels, but the front or Tviacliug \ip 
arbors in a separate frame sttuiding some distance iu front 
of the frame that carries the other wheels. .By this arrange¬ 
ment the arbors of the other wheels can be made lighter 
even tlmn in a clock with a short barrel. 



'I'herc is another advantage iiithis as regards the strilcing 
part, viz., that when the great wheel turns so often as onco 
ill tlu'ce or even four hours, the striking pins can be put on 
the groat wheel itself, as it is largo enough to carry the 2(3 
pins required fop onc-tliird of tlic twelve hours. Tlve exact 
number is indeecl immaterial, except that the more pins it 
lias the fewer coils of rope it will have to carry for the 
eight days. Now it is evident that the striking will be 
done with less waste of power whoa the power has not 
to be transmitted through the pinion of a second wheel, 
in wliich it loses considcipably by friction t I shall have to 
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state afterwartls tho surprising extent to wliick i\us loss of 
])ower takes place. Tho ‘wheel next to the great wheel can 
tlieu be miulc to raise the locking lever in tire same way 
as the second wheel docs in the foui'-wheelcd train. Tho 
more turns the rope takes over the barrel ih(5 easier also it 
is to wind upj and the differenco in moderate si/.ed clocks 
iiiay be such as to save the necessity of having Avhat is 
called a jack to wind up with, which is generally required 
for tho striking part^of clocks ■with short barrels, cxccj)t 
with small hells. 

I'U. Tliis apparatus may ho either lixed or moveahU:. 
if it is Axed, aa it ought to bo when required at al), tho end 
of liho barrel opposite to the great wheel is made into a 
toothed wheel 1C (in tho drawing of tho four wheeled irnin), 
and by tlio side of it is put a aniallcr udieol or pinion J 
which works into itj and instead of the uindhig square 
being made on the arbor of the barrel, it is mado on tho 
arbor of Lliis pinion, -which of course gives grcalor power 
in winding the clock up, by requiring more turns of the 
key or winch to do it. 'I'he pinion is sometimes mndo to 
pusli backward and out of gear with tho wheel when tho 
clock is not being avouiuI up. Tlie loose jack co-nsists of 
a frame containing a Avheel and pinion with tho arbor of 
tho pinion stiuared to form the w’iiuUng square 5 tho arbor 
of tlifi Avlieel is a socket Avitli a square holo in it Avlholi fils 
on to tho barrel arbor j so that wlien tho jack is applied 
and made to rest on some part of ike clock fraino, it be¬ 
comes (except that it requires a thicker arbor as wiU bo 
explained presently) just the same aa if the Avliecl had been 
set on the barrel itself, and tho pinion in tho olook-fraine. 
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TliG going part never requires a jack ^vhcol to wind it 
up excet^t in very large clocks: but I am not sure that it 
would not bo bettor to aj)ply such a wheel (1 mean of 
course a fixed oiio) wore Irequoiitly, even whore the weight 
is not too great for a man to wind up without it j because 
the effect of having to wind up on tlic barrel arbor is tluit 
it must be thick enough to carry a winding square strong 
enough not to twist, and therefore tliat pivot requires to be 
a good deal larger, and tlicrcfore has more fiictioii, than 
would be necessary if it had merely to carry the weight. 
The two cast iron wheels that require to be added for 
winding by a jack wheel cost very little, and the plan also 
saves something in the construction of the barrel arbor 
and great wheel. By a little contrivance one winding 
pinion might bo made to apply to nil the three bniTcl 
wheels: indeed there is no reason wliy tlio vdiidor itself 
should not have that pinion, instead of a pipe, set on mi 
arbor, fitting into proper holes to wind up all tho barrels b)'. 

M2. Long barrels liowevcr cannot ahvays be jiroperly 
used; because if tho rope does not hang down, but is 
carried over a fixed pulley above or at the side of the clock, 
and there is not a considerable distance from tho barrel 
to the fixed pulley, the rope will not run straight enough 
off tho barrel towards the end, hut obliquely as shown in 
the last drawing, and consfequently, instead of travelling 
along the barrel as the clock is wound up, it will turn back 
again and overlap itself; mid evenif it docs wind up without 
overlapping, there ivill be so much rubbing between lluj 
successive coils of tlie rope as will soon ivear it out, and 
will moreover render a heavier weight necessary. In all 



LONG BARRELS. 


183 


cnsea where n, fixed ptdloy is ic^uircdj it ought to he as far 
as it can bo jilaccd from the clock, in order to diminish the 
obliquity of the rope ns much as possible j I should say 
that the distance ought not to be less than eight times the 
length of the barrel. 

Sometimes in order to avoid long barrels the rope is 
made to go twice over them j but this is a most abominable 
practice j for the weight lias of coui’se more power when 
the rope is coiled the second time over the barrel, as that is 
the same thing as making the radius of the barrel larger 
by tho ihieliness of the rope, and so the force upon the 
clock is not unifoi'in; imd secondly, it wears out the rope 
more than anything else that can bo done to it. "When 
tho position of the clock is such that the fixed pulleys 
cannot bo as far olf ns about eight times the length of the 
barrels, the clocknuikcr should not bo allowed to use long 
barrels. 

143. There arcbowevor two ways by which the advantages 
of the long barrels may be obtained without their clisadvan- 
tnges. Tho first is by using wire ropes instead of hemp j* 
but great care must bo taken that they are good, as there 
are some very bad ones made j and they slioiild be tried for 
some time beforehand with a heavier weight than they will 
have to bear, and above all by \viiiding them up frequently, 
or they 'W'ill cause constant trouble and expense after tlie 
clock is put up. Ill tliis way very elegant clocks can bo 

* III tho Wiiubor Cnstlo clock Mr. Yulliiimy used oalg'ut ropes 
(wiro ropes were not Uicii invcnlwl) 5 but they evo enormously ex- 
ponsivo : Im was told that 17,000 ikesp coulribulcd llicir entrails to 
compose these catgut lines. 
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made, with great strength in a small compass, and with 
only tliree wliecls in each train, and striking from the great 
wheel. A picture of one is given in the frontispiece. 

Idd. Tile second method is to j)ufc about Urciity striking 
pins on one side of tho great wheel and another set half 
way between tlieiu on tlie other side, and make them raise 
two liammei's alternately : forty, or even lliirty, arc too 
many for one side of any but a very large wheel made in n 
particular way, which will bo described presently. Idr. 
Bent, until he lately at my suggestion adopted this other 
method, constantly used tho two hammer plani and it 
answers very w’ell j and such clocks strike with inueli loss 
waste of power, even when made in cast iron, than tho most 
highly finished clocks with polished steel piiis set on tho 
second wheel. A wheel of tliis sort with forty pins will 
turn very nearly twice in the twelve hours, or fcliirty*ono 
times in tho eight days, for wliich n barrel of modernlo. 
length will be sufRciout, especially as a smaller weight and 
therefore a tliiimor rope will do tlio w'ork tliiin in a train 
striking from the second wheel. 

146. Or again, cheap clocks with sliort baiTcls might 
be made 'with about twenty pins on tho great wlicol and one 
hammer, to wind up twice a-week: a condition to winch n 
good many clocks are practically reduced wliidi prcl-cnd to 
be eight-day clocks, from beuig so placed that they w'ill not 
go full seven days, And those wdio can only afford to 
spend small sum upon a cliurch clock Imd much bettor 
have a good one made in ibis way than a bad ono to go 
eight days. 

In every clock tho going part ouglit to go half a day 



TlIRRK-WnBEI.ED TRAIN. 


185 


longer llinn tlio strilcing part, in order that, if it is for¬ 
gotten, tlic cloek may proclaim by its silence that it wants 
winding np beforj! any harm is done. 

Lastly, the reader may be reminded that in calculating 
the teeth and pinions required for driving tlio hour wheel 
by the great wheel separately from the train, the number of 
the teeth of the great wheel is immaterial; for in that case 
th(! hour wheel will evidently turn in the same time as if it 
wore put in tlie place of tlio great whed, Suppose the 
soape wheel turns in vi minutes and its pinion has 2h leaves, 
and lot be the number of teeth of the wheel that drives 
it, whose pinion has /?, loaves, and let t-i be the number of 
teol-h of the hour wheel: then musk = ^, 

ih Pi fti 

Sii})pose/),=8 and y;j=10 (which will bo enough if 
they are lantern ])iuiou8, though not otherwise) t^nd j 
then if ^s=21, inust=100, and the second wheel will 
Umi in 25 minutes; and if /„ tho number of teeth of the 
great wlu!dj=l‘M', it will turn in six hours, or u'ill require 
only thirty-two i^iuils of rope for eight days. In this case 
tliu hour wheel had better be made ns a largo lantern 
pinion. And if the great striking wheel has twenty pins 
or cams on each side rnisiiig two liannncra alternately, as 
above monlioned, an eight-day clock may thus bo made 
with only tlu‘(3c v’licels in each train, with moderate num- 
b(U’.s for the teeth, niid without requiring tho seapo whed 
to turn so slowly ns in four minutes, and without resorting 
oithor to long barrcils or wire ropos, 

M'O. 'When tho gnjnt wheel is the striking wheel, the 
second wheel must turn exactly one-half or one-third round 
for every stroke, and tho circular plate before described in 
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fcHe four wlieeled train must have two or three pieces in¬ 
stead of one cut out accordingly, to let the roller on the 
locking lever fall at the proper time. Moreover this ■\\'hc:el 
will tm-n too quickly for it lo work the looking-p^‘^^<5 h)’ a 
wlieel and pinion, as it would require at least 2^‘Jj teeth on 
tile locking-plate wheel. If the clock is ^vound np by 
^ jack wheel as before described, the bnrrol n'iU ride upon 
tile arbor of the great wlieel, and that arbor may cfiri')' a 
pinion or small wheel to drive the locking-plate, just as 
tile striking wheel of the four wheeled train did. Hut 
■wlien the weight is small enough to bo ivoiind up without 
n jack, the arbor must belong to the barrel and not to the 
M'lieel, and therefore cannot drive tlie locking-plato. In 
tliat case it must bo done in one of the following ways. 

The most simple method is to sot the jiinion on tlio 
great wheel itself; and in every case the wheel or pinion 
tliafc drives the looking-plate, if it is set on the striking 
wlieel, must have ns many teeth ns there are striking pins, 
assuming the locking-plate to liavc 78, or in the aaiiie 
proportion. 3. Although the second whcL'l turns loo 
q^uickly to drive the locking-plate by a toothed Avhecl niul 
p»iiiion, yet it may do so by means of n ratchett-wliccl on 
tile locking-plate and two gatheiiug pallets, (like the eo>n- 
mon repeating movement, § 90) set on the arbor of the 
second wheel: the locldng-plate must also havo a click set 
over the ratcheitt “to keep it in its place when the pallets 
are not acting. A tliird way is to make the barrel arbor 
lioUow nearly up to the end which forms the winding 
scjiinre, and make the arbor of the great wheel go into it j 
so that the barrel arbor comes through the front frame. 
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but llio wheel arbor goes Uie back frame and carries the 
piuion that drives the locking-plate. This, when it is well 
(lone, is a remarkably noai nmngcinenl, but it requires very 
good machinory to boi*o the hole truly all down the barrel 
arbor, and if it is not done truly it had better not be done 
at all, as it is sure to stick fast. These short trained clocks 
may of course be put in a frame of tlic same kind ns the 
four wheehid one of whicli 1 gave a drawing. But they 
nJTord facilities for a more convenient aiTangement, by 
setting the going and striking parts, or at least the upper 
wheels of them, in separate siiinll frames, which screw on 
to a largo and strong horizontal frame cast all in one piece, 
which may carry the groat wliccl of the striking part, and 
indeed of the going part also. 

The clock in the frontispiece is an example of this kind 
of frame. 'I’ho gre^at striking wliccl is carried by a laigo 
cnal iron cock on cacli side, bolted to the main horizontal 
frame, the surfaces in contact being planed so ns to lit 
neouvately. The s(!Cond w'hcel and the fly arbor are carried 
])y a small triungiilnr fnnnc at each end, which screws on 
to the main frame. Tho locking-pluto turns on a pin or 
stud set on tho frame, and as there is a jack wheel to 
wind up by, tlio great wheel arbor comes through tho front 
coolc and drives the locking-plato. The great wheel of tho 
going part being lighter and smaller than the striking 
W’hcol is carried in the saino triangular frame as tho r(jst of 
the going wheels; but tlio scapc-wlicol and tho bushes of 
tho second wlieel avo made to tako out without removing 
tho great wheel or taking the frame to pieces. It is not of 
much conscquonco wliothcr the second ^vhcel can bo got 
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completely out^ or not, for if the bushes arc rcmovctl it 
can be cleaned within tlie frame as well as if it was taken 
out. The scape-wheel liowever, and the pallet arbor, should 
he made to take out completely, without undoing tlio fraiii& j 
and for this purpose nothing is required but tho biislios to 
be fixed with screws instead of rivetted in, as llierc is always 
room enough for the scape wlieel to pass the second wheel. 

147. I proceed to point out some other things w'hich 
require to be attended to in turret clocks, in addition to 
those relating to clocks in general, mentioned in tho Hi'sb 
chapter. 


ESCAPEMENT. 

Tiie scape-wheel and its arbor, as before obscrvocl, 
should be as light as it can be made of 2 n' 02 )C!r Btrengfcli } 
remembering also that the fewer pins or teetlr it has thu 
lighter it should be made, as it lias to move faiiher at oiicli 
beat. The ^nvot of the pallet arbor ought to come oluso 
up to the pendulum spring; for if it does not, the foreo is 
communicated to the pendulum with a tendency to twist 
the crutch: no such effect iviU of coiu’so be visible, but the 
tendency to it produces an muieceasary friction on tho 
pivot, and requires greater tliiekness and therefore weight 
m the crutch to resist it. In the Meanwood clock tho 
^tcli is entirely outside tlie frame, skaight, thin, and 
broad, and therefore as light as possible, the pivot boing 
set m a cock like that of a common house clock. Some¬ 
times however the frame ia so made that tlie pnlJets nnd 
crutch could not be taken out if they were set in this way-; 
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and in that case the pivot should be set in a bush projecting 
as far as the pendulum spring, the crutch having a bend, 
and springing from ’within the frame in the usual way. It 
is to be remembered that the crutch is itself a pendulum 
of whicli all the weight is carried by the pivot holes, and a 
heavy crutch and arhor produces considerable friction, 
which, liko all other friction, is variable, and moreover con¬ 
sumes force, diminishing the arc of tho pendulum like the 
dead friciion on the pullets, of wliioh tho efTcct lias been 
already explained. 

Eor tho same reason the pivots ouglit to be aa small as 
tlicy can safoly bo made, and also M'ith ns little slmko aa 
will lob them move freely; and tho onitch should bo long 
that littlo may bo lost by tho neo'ossnvy shako of tlio 
pondulum in tho folk. 'V\Q\othoi' tho crutch ends in a 
fork ombracing tho pendulum rod or a pin going into a 
hole in it, it should bo made with somo aorow adjustment 
to put tho clock in beat, And in trying whothor a clock is 
ill beat tlio pendulum should ho allowed to inovo only just 
far eiioiigh to let it escape, and then tlie smallest deviation 
will bo easily observed. It may bo a convenient rule for 
unprofessional clockmakers to remember, that in all cases 
if the right hand beat {i.e. the beat heard when the pen¬ 
dulum is at the right) comes too soon after the loft hand 
one, the fork wants moving to the right witii roforcnco to 
tho crutch, and vice versd. 

148. A very neat contrivance has lately been introduced 
by Mr. Dent into his turret clocks. It occasionally liappeiis 
that if the pendulum is moved while tho scape-wheel is 
standing still without any force upon it, tho ond of ouo of 



190 


TUnUET CLOCKS. 


the pallets just catches the point of ii tooth so Uuititoiiiuu»t 
slide up the pallet, and the momentum of a heavy juui- 
dulum is then certain to break the lootli. In order 
prevent this the two sides or prongs of the fork muj t'**! 
upon springs, which tend to bring them togethor anil knj) 
them close to the pendulum rod, with a stop of the pni]Ji'r 
thickness between them. Tlio springs nro strong enough U > 
give the impulse to the pendulum, but if ono of the pnlK’l m 
should be stopped, the spring on the opposite side of tim fork 
gives way and lots the pendulum go on. ii’lu: roiuki’ may 
fancy that a single spring in iho crutch would do as wril ; 
but it would not j for a single spring would not liavo hiiIU- 
cient I’osistancoZioM tocommuiucato the i])iipnl.si5to lliu 
pendulum without bending; Iheroforc tliorc must Itii tw'ii 
api’inga, both in a stale of tension in opposite dii'eutioiiH, 
The little frame that carries the springs screws on to ilia 
crutch in the soino way ns n common adjustable fork. 

DIAL WORK. 

I‘li9. In iui’i’ct clocks the dials and dial work aro ge¬ 
nerally at some distance from the clock. The dial wtjrk 
consists of an arbor which carries the long hand with it 
wheel upon it, and upon this arbor ia the short hand Bonkca 
with its -wheel, and the two work together in iho wuy 
before described in house clocks. Those wheels aro all Hi-X 
in a small separate frame fixed behind the dial, and all thn 
wheels and arbors should be mode of brass, as it is gcim- 
rally not very easy to get at the dial work to oil it j anti 
so if made of steel tho primons are liable to rust. 'J'Ikj 
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hour arbor projects through the front of this franiCj with a 
half universal joint, niul if it is ou t)ie same level na the 
cloclc, it is merely connected with the hour wheel of the 
cloclc by a straight rod. If the dial work is above the 
cloclc it must be connected by hovelled wheels, one pair at 
the clock aiid the other pair at the dial work, or, if there 
arc more dids than one, at some convenient point wliere 
the rods converge from tlic dial work of each dial, according 
to the position of the clock. These vertical and horizon¬ 
tal lcailwg-o£' rods arc 8om<5timc3 made of tubing, either 
iron or brass, ns it is stronger tlian a solid rod of the same 
weight and strong etiough to resist bending by its own 
\veighi as well ns tu'isting. In tlic same way I may 
mention that small iron gas-pipes witli solid pivots fixed 
into llicir cuds are sometimes used when cranks with long 
arbors are I’cfpiii'cd for connecting the Immmcr with the 
wire coining up from the clock. But wliero the vertioal 
rod is required to bo long and consequently heavy, it is 
goiioruUy bettea’ to make ti wheel at the top of it rest on 
friction rollers, and then the weight of the rod has no ten- 
dcnicy to bend it, and it only requires to be strong enough 
not to twist, for which a half inch iron rod is suJlioicni in 
almost any case. These friction rollers may bo made in 
various ways j on the wholo Ihc best way appears to be the 
following, u’hicili will be readily understood from the 
drawing over the page. 

The rod has a oiroular plate fixed to its lop, and there 
is a similar plate fixed to the beam through which the rod 
passes. I'heso plates are not quite lint, but they each have 
a broad circular groove in them near their edge and the 
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grooves exactly face each other. 
Now if three or four eriunl balls 
or clici^c-shai^ed rollers were laid 
on tlic groove in the lo\yer plate, 
and the upper platelet down upon 
them, it would turn with no fric¬ 
tion except that of the rolling of 
the balls, which would always 
keep tlieir original distance. The revolving roof of tho 
building which contains the great telescope at Cambridge 
turns upon cannon balls in this way; and the balls nm- 
ning in the grooves cause it always to tui’ii on tlio same 
imaginary axis >vithout tho necessity of a real one. Hom'- 
evei* on this small scale, in order to prevent the b^lll8 from 
slipping and so getting all together, they arc sot upon a 
three legged axis with a hole in the middle which surrounds 
the rod; but it has notliing to do ns an axis i that is, it 
carries no weight and has no contact ^Yith tlio rod, and 
has merely to prevent any of the balls from not rolling on 
in case the upper plate should for a moment bo lifted ofl’ 
that ball. Consequently the friction (so far ns regards the 
weight of the rod work) is true rolling friction, which is 
much less than the friction of /rielion wheels of any mode¬ 
rate size carrying the weight upon their axes. I imdor- 
athnd that rollers of this kind have been applied to largo 
weather-cocks with long rods to work a dial within a 
building, and tried ^vith heavy additional weights without 
producing any material difference in their freedom of action. 
It should be observed that the cross section of tlie rollers 
must be of higher curvattue than that of the grooves, so 
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that tlicy jTiay only have contact at one point, and not ruh 
as well as roll: complete surface contact without rubbing 
could only bo obtained by conical rollers between conical 
plates, the points of all tlie cones converging in tlu? centre of 
the rodj bid such rollers would have a londcncy to slip 
outwards, and would xwjxiire greater acciiracy in malciiig 
llum these ' cheese slmpcd’ rollers. 

Tlic long vertical rod is connccled with the arbor of tlic 
bevollod u’heel in the clock by means of a half univorsul 
joint j and in fixing it in cold weather it sliould bo rcnicm- 
borecl that aii iron rod thirty feel long will become 
m inch longer with 4-0® of additional lieiit, and brass tubes 
about half ns mucUmonij and piny enougli must be loft 
in tho joint accordingly. 

‘Where tho clock docs not stand in tlie middle of tho 
ohiunbcr, under tlic point of convergence of the dial rods, 
but near the wall, an additional pair of bevelled wheels is 
required. This might bo avoided by making bevelled 
wluiels of a iliUbront angle from 45°, so as to loud directly 
to the tw'o side dials from tlic jdaco where tlic vortical rod 
comes up j Imt nothing inatorial cither in expense or fric¬ 
tion would be saved thereby, Tho hovelled wheels, espe¬ 
cially those which have to work several others, ouglit to be 
large and strong; and wlicii, as sometimes‘happens, their 
diameter is limited by wont of room in tlie clock, it ought 
to be made up in thickness, which however gives more 
friction than larger wheels with more tcetli. 

ABJUS'i'ING WGllK. 

Tiio adjusting work, for sctUiig tho Imnds when the 

K 



m 


TUItllET CTiOCKfi. 


clock wfiiits i» Homoliiuon v<*i‘y ilrfcclivc. I lmv(* 

scon n clock in a cuthodral iml up only a few ycaiH aj'n, 
as I M'ns told, by a Tiomloii llna of lnrg<' l)ii.sin(‘n;i, in whicli 
the only moans of jmUing tlm clock forward in by (akiiig 
out tho bush of ono of tho wIum?1h (wldnb ia funiialu-d willi 
liand-scrows for Mio pnrpuso) and alufling llw i>la('t' of llic 
pinion upon the tooth of tho next wliocl. I nliould (IniiK 
the man who has tho charge of amdi a idocK Inki 'i \(‘rv 
good care always to keep it on (ho gaining ><idr, an Im l an 
stop it for a few minnles every now and I hen uilli iii-i 
Iluiloly less iroiihlo than he can ]iut it forward in lliin 
barbarous fashion. I'lio adjuslinent is generally iiiad<^ 
merely by a fi’i(!tum spring as in a InniHii-eloek {7M). And 
where tliere is only ono mnull dial Ibis mellntil is suh; 
enough j but othorwiso tlio sjumig innst eitin'r be m slroiig 
(dial tho bands cannot bo albwed willH)ut a|i|ilyiiig f^reuL 
force to the wlieels, <»v olso they will Im liable lo sHj» for 
■want of sunidiont frhdiou or pressuriMif Ihe Hpriiig. In 
largo clocks tliereforo a heller way of making (be ailjuHl- 
moiit is by wliat may bo called a stpiare ral(die((, i.r, one 
whioh wants the (3lu!k lifting by liainl to enable it to piisM 
either way, each division corresponding e.xatdly (o (jue or 
two minutes; or by cliunping .screws. 

When there is no liour wheel in Hhj train this ralehett 
is sometimes set oii tho great whetd arbor, turning in Ibree 
liom-s suppose, and -with n largo hovelled whei-l altaehed in 
it, which drives tho ilcst leading oil' bevelhal wheel, of oni^ 
third its mi) and iiumberof teeth. This has one inlvuiilage, 
viz! that tlio friction of a fluhsidiary Ijonr-wljeel is 
avoided; wliich however is much leas tlian if it wm-e an 
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tuUlitioiial M'heel and pinion in tlie tmin i the large bevelled 
M'hcel also carries three pins instcnd. of oiiCj to let off the 
striking part. But it has scvcrnl disadvantages: first; tlio 
sinnll bevelled v'hccl is necessarily of small dimensiona; 
since en'eii tlie large onuj which is three times the size, 
must be made smaller that the great -wheel itself, or it 
could not bo got into the frame: secondly, tlie discharg¬ 
ing pins cannot bo relied on to let off the striking part 
eon'cctly within several seconds in this way i thirdly, vdien 
tho leading off is wanted in any but a vertical direc¬ 
tion, the arrangement becomes olupisy and inconvenient} 
fourthly, tho rulchctt-whe(!l, bevelled wlicel, find pins add 
nearly two inches to the length of all the arbors; and 
fifthly, in some positions of the wheel the adjusting click 
cannot be got liold of without great difliculty. I tliink 
any of the follow ing methods arc better, and some of them 
may be easily adopted in any clock, according to circuni- 
slniiccs. 

Whoii tho liour-whccl is not in tho train it is to be a 
thick wheel of the proper size to be driven by the great 
wheel nccoi'ding to its velocity. It is not fixed to its arbor, 
bill rides upon it close to a plain or blank wlieel, ivhich is 
fixed to the arbor, as nro the discharging snail and the first 
leading off wliccl, if any are rcipiircd. If the dial is n small 
one tho limir-wheel and the blaiik-wheo} may be conneeted 
by a friction spring as usual; otherwise the connection may 
bo made, citlier by one or two clamping screws, or by a pin 
w'hioli goes through a hole in tho hour-w'hccl and into any one 
of sixty or thirty liolcsinthebhmk wlicol, being kept in its 
place by a spring, and having a projecting hmidlo by which 
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it can be pulled out and the relalivc position of the l\V(» 
■wheels shifted through a space corresponding to one nr two 
minutes. Another way, perhaps still moro simple, of 
making the adjustment by a definite quantity, ^voul(l b(i l(» 
make the houi’-wheel, instead of riding or turning on its 
arbor, to slide upon it by means of a squartj, or what is 
called a hey; when you want to alter tho clock you wonkl 
only have to slide the houi*-whecl out of gear witli llm 
great wheel and slide it in again with difi'erent teeth in 
contact, and it might be kept in its place cither by a piri 
or a spiral spring of wire round the arbor. Where! tlui 
clock has a train remontoire, wlaclx may itself require 
adjusting, as described in § 177, clamping screws must Im 
used j because altering the remontoire by any less quanlity 
than the twenty or thirty seconds at which it lets oil' ^v{)uld 
make the hands point wrong, if they could not bo altor(!<l 
by as small a quantity as the scape-wheel. Whoi'o citlicv 
of the other methods is adopted, so that tho hands oumiot 
be altered by less than a minute, the smaller ndjustmciits 
must bo made by stopping tho scape-wheel for tho roquisito 
number of seconds; and on this point I shall have to miiko 
some further remarks in § 187. 

SIZE OE DIALS. 

151. The size and strength required for tho going ])nrt 
of a clock depends entirely upon tho number, size, and 
situation of the dials; though thca-e seems to be a notion 
among clockmakers that the going part and tho striking 
part ought to correspond in size, and I have scon a clock 
without any dials, in wliich the going train was lioavy 
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enough to work four (Unis 10 feet wide. Tliey ouglit to 
be ti’cated q^iilc distinctly j tliougli of course il. 'W'ill fre¬ 
quently happen that where there arc large dials there will 
be a largo bell also. Tlic more turns in the W(iok tlui gveaf. 
wlieel mnkeg, the less strength and size it obviously r(!- 
quires j and in all eases broadness of tlu; t eeth, i. c. thiekiu'ss 
of the wheels, sliould be. looked to mthor than depth of ilu; 
rijn, as broad teetli (;ut the pinions less than narrow ones. 

Tins size of the intended clock dials is a matter which 
churcli architects frequently pay no attention to until it is 
too late, or do not umhirstand. Mr. Vulliamy states in his 
pamphlet the sizes of several well known public dials in 
London t 


St. lifTarlin’s-in-the-Pields 

- 

8 ft. 

St. James's, Piccadilly 

- 

10 ft. 

Islington ehui'ch 

- 

0 ft. 

The clock on the Queen's 

Stables 

6 ft, 10 in. 

St. Paul's 


17 ft. 

Horse Guards - 

. ... 

7 ft. 5 in. 

To which I odd from other information t 


■niAMRTKU, 

iiEionr. 

St. Luke's, Chelsen* 

0 ft. 10 in. 

72 ft. 

How Church - 

9 ft. 

70 ft. 

ilaryleboiie Church 

7 ft. 

about 00 ft. 

Iloyal Lxcliniigc 

Oft. 

90 ft. 


* As a proof of the rolinnoo to be placed on nroliilocls in those 
mattci'.s, I luivo .siicn a letter from an oi'cliitcot of some rcpnlnlion, 
stating ns a jnstidciition for llio dials wliioli ho had i)roparc(l, and 
which llio olocknmkor objeoted to, that the Arst two diidd in Diis list, 
and tlmt of the Horse Guards, wero only fii foot in cliamolor: which 
bis oinployci's had of courso bcliovcd. 
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And the ^•eat clock at Westminster is intended to liave dials 
23 feet wide, at tlic height of about 220 feet. 

Tlio result evidently is, that unless all the above 
dials are too large, which anybody may see they are not, 
dials ought to bo ao placed that they can bo about a 
foot in width for every ten feet from the gi’omid; thougli 
this is not sulFicient for heights midor 50 feet. Any one 
wIiQ looks at dials of less than tliis proportion, such as 
St. Pancras, G ft. 6 in. at a height of about 100 ft., or the 
dial on the church iu Cliester Square, uliich is a little more 
than 4 feet, and at a very moderate hciglit, Avill see a fur¬ 
ther proof of the necessity, not only of making tlie dials 
large enough according to tlio above rule, but of placing 
them whore they can be made largo enough for their own 
height, mthout being too large for the surrounding pai'ts 
of the building. Tlio coiisequoucc of not attending to 
this is that the tower is defaced, and its ‘details' over- 
ivlielmed, by what appeara at a little distance only a great 
black spot, too large for the building and too small for tluj 
clock. It is hopeless to make a clock face an archi¬ 
tectural ornament: at least every attempt that I have seen 
of that sort in a gothic building has been a most wretched 
failure, both in aroliitectural beauty and horological dis¬ 
tinctness. The best thing that can be done is to put the 
dials on some plain flat surface large enough for the pur¬ 
pose; and if such a place is not provided at fust, it is ten 
to one that a clock-face will some day bo substituted for 
the tracery of a window (as three illnminated dials have 
been in tlie heads of the windows of tlie fine tpwor of St. 
Mai’/s at Beverley), or built round tho bottom of the 
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spirCj projecting ‘ like tlio eyes of a great cod-fish/ as I 
heard remarked by a spectator of tlireo dials stuck round 
the spire of a small country church by the arcliitect just 
noiv alluded to. 

152. The material of the dial may be stone, slate, 
copper, or iron. If the diol is made of stone it should 
have tire part within the figures, in which the short hand 
traverses, cut out or countersunk to the depth of an inch 
and a half, in order that the long hand may Ho closer to 
the figures, for the sake of avoiding parallax os much as 
possible. The clToct of jiniullax is that when the hand is 
iu any position except nearly vertical, tiio lino of vision 
from the eye of the spectator to the hand of the clock does 
not fall on tho place to which the hand is really pointing, 
but somewhci'o above it, dcpondiiig on the distance, of the 
hand from tlie face and of the hoiglit of tho clock above 
tlic spectator. Tlie same may bo done with slate dials j 
but they arc more expensive to eut than' stone. Stone 
dials should bo painted all over, black for gilt hands, or 
white for black hands, like one of the Ilorso Guards dials. 
Slate may also be painted, though it will keep a tolerably 
dark colour without painting, oapcciallyif it be occasionally 
oUed. Tor large diala the slate will have to bo in two 
pieces. The figures and minute inarka are bolter cub tlian 
merely painted and gilt on the flat surface, as their place 
is then fixed once for all: otherwise they are not unlikely 
to ho incorrectly divided in subsequent painting. In 
copper dials this cannot bo done, nor tho countersinking of 
tlio middlaof the dial, uritliout groat additional expense} 
and tho dial is also obliged to bo made convex in order to 
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preseiTe its shape : the convexity should however b(J 
little as possible^ as it either increases the parallax or I’o- 
(juircs the long hand to be bent to come nearer the niiiuilt' 
marksj which has a bad .appearance; aiiinehinS fo(5t hcojiih 
to be enough convexity. 

I am not a^^'^are that there is any objection to casi-ircni 
dials, provided they are kept well painted; and tliey n>xf 
cheaper than copper. They have also the advantage of re¬ 
quiring no convexity, arid the ccntixs can bo cast coutiter- 
sunk. I have seen the figures and minute marks made jiro- 
jcciiiig, which however does not look well, and is objection¬ 
able, as the hand may be blown against thein. They tiro bollnr 
countersmik a little, for tlic reason I gave just now; and \ 
may observe that tho countersinking sliould not bo squaro, 
so as to leave corners in which the wet will lodge, but a 
curved hollow lilco the fluting of a pillar. Hound dials 
always look better than square ones witli the s])niidriKs 
filled up with some attempt jit dccoratioji} a dial is from 
its nature necessarily a round thing, and it has no Ijiusi- 
ness to pretend to be a square one; even arches sot iu 
square heads only belong to the worst stylo of gothic urclii- 
tectui’e, and round uindows belong to llie best stylo. .'Hut 
dials should not be set deep in the wall, like ivindows, or 
tlic rain will not wash thorn. 


ILLUMINATED DIALS. 

153. lUmninnted dials are made of an iron frame work 
or skeleton, in the form of a ring, consisting of tho figuvos 
and minutes and the three rims whicli bound them. Tlus 
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middle of the dial must be one piece of ground plate glass, 
for any division in it would cast a shadow and bo mistaken 
for the hands. Glass is also put behind or between tin; 
flgures. Several gas-buniors aro put behind the dial, and 
the cooks of the burners are connected by lovers with tlie 
dial work, so that the clock itself turns the gas nearly oil' 
(but not so far as to put it out) when the day daAvns, and 
turns it full on when it becoincss dark. This is adapted to 
tlio different lengths of the day by pins which are screwed 
in from time to timo by tlio person wlio 1ms the care of tlm 
clock j though of coxu’se by* the addition of more compli¬ 
cated machinery the regulation of tho ^ gns-movcmenV for 
the length of the day might bo made sclf-aoting, 

Another v’ay of illuminating a dial, mid a much better 
one, when the building admits of it, is that whioh is used 
for tho Horse Guards clock; on whicli a strong light i« 
thrown from a lamp, with a rcllcctor, placed on the pro¬ 
jecting roof in front of tho clock toivcr. 

SI/E OT li'IGUKES. 

154i. In nearly all public dials the figures are made too 
largo; for the larger they arc, the more tlioy contract the 
really useful part of the dial; it will be seen that in most 
public dials tho figures nearly touch each at their inner 
cii'CumforoncQ; and consequently that part of the long 
hand which is over tho figures cannot he distinguished at 
all at a moderate distance, and tlic dial might ns well b(i 
only two-thirds of its actual size. Nobody wants to read 
tho figures; twelve largo spots would do just ns well,—and 
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better; for then the long hand could bo more clearly sro/( 
between them. The figures ought not in any case lo 
be huger than a quarter of the radius of tlio dial; ami 
they ought to be rather narrow^ or ihoir dillcroiit strolcj'^* 
close together^ so as to keep the ‘VH and VI[t and 
other wide figures visibly apart from each other. It nuiy 
be as well to inform those wlio have not soon it (ri<ul, 
that it has a bad effect to make the figures narrower at- 
their inner cii’ciunfcrencethan at tho outer, as if the strolccH 
were formed by radii of the dial; and this is a fuiilior 
reason why tho figures should bo small. Tho ilvo*inimilo 
marks should bo a good deal larger than tho other iniimto 
marks, or it is not easy to distinguish which minulo boloufj^ 
to the figures that consist of sovoral stroltos. 

15B. Both tho hands should bo broad; and Llio slrorL 
hand only should luivo a /teari or n broad part a littlo way 
from its point, and tho point of it ought to bo ontircly 
within the figures, and not half covering Llicm as it soirKJ- 
times does: the long hand should be straight, plain, aiul 
ending in a point, like a straight sword, just half vviiy 
over the minute marks. Those directions may seem need¬ 
lessly particular; but tho object of cloclc faces is to show 
tho time distinctly as far as possible; and any oiio wlio 
mU compare the few in which those things are attended to 
with the many in wliich they aro not (indeed I hardly 
know any in wliich they are all attended to) will sco tlmfc 
the attention is not thrown away; and as it costs no moro 
to make the figiues and hands in this way than in tho com¬ 
mon way, there is no excuse for not doing it, unless somo 
other way really better can be found. The material of tho 
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Hands is almost always copper, gilt, and stiffened fit the 
back for some distance wiili a rib of brass, Ivon would be 
lighter for the same strcngUi, and wlicn zinced or ^gal¬ 
vanized^ before gilding there appears to be no reason why 
it should not answer ns well as copper: indeed it is pro¬ 
posed to make the hands for the great Westminster clock 
in this way. 

15(). I'lioro is some difference of opinion whether the 
hands should be counterpoised externally or internally; 
for one or the other tlioy must be on acconnt of their great 
weight. If they are counterpoised internally, the force of 
the wind is not counterpoised at all, and it tends to bend 
the hand and drive it against the dial, or, if tho hand is 
ati'07ig enough to resist Uiat, to bend the arbor which 
carries it; udicrcaa if it is counterpoised outside, tho pres¬ 
sure of tho wind against one arm of tho lever is balanced 
by that against the other, and lliorc is no lateral pressure 
on the arbor. And in like manner when the wind tends to 
twn the hand in one direction it will tend to turn the 
Gounterpoiso in the other direction, and so there will be no 
strain on the tcetli of the wheels, which in large dials, Avitli 
the loading off or dial wheels not strong enough, has been 
known to break them. Tho objection to an external coun- 
lorpoiso for the long hand is that if it is gilt it will bo 
iniatakon for one of the liands, and if it is black like the 
fneo it will partially hide tire hour-hand for about two 
rninuios in every hour. My own. opinion is, though it is 
contrary to ilic modern practico (which has perhaps been, 
adopted by clockmakers to guard against tho propensity of 
painters and gUders to gild tho counterpoise), that tlie 
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piirtial hiding of tlio slioH-lmml for a iNijiiili! or two ih of 
far loss coii,s(;(|injiuj(5 tluni tlio jiivasiiro Jij»oii tiu’. urlioi'M iui(i 
upon ilio liiiin of tins edook, wliinh is <*inif<ncl by llji! want 
of ail (ixtorniil ooiintdrpoiHO, wlioiiovor Ihoro in n In’gh wind ; 
and 1 should luutorilingly (rsjMioially whon! (ho dial ia higli 
and Iarg(!) huv(! a blaok oxlonml ooiinlnrjioiso lo llm long 
hand, with its broad part (wliioh it ro((iiin‘s in midco up 
for iho want of longtb) falling jii.4 within tlio iimor rim of 
till! fignvos, and lliorofovn jn-st laiyoiiil llio Imart of (lio 
siiorL-bund. Tho black countorpoiso <)f tho uliov(-liand will 
of course cover uoUiing hiif. Ilie black liice. 'rhere ou{{lit 
liowover to bo set on {Mieli of tho dial rods iiisiilo, a longifli 
arm in tlio same way as an iiilonml eounlcrpoisc, lo miiddi^ 
a person fixing the dial work lo know Mie position tif llic 
hands outside. It is not imooniinoii lo sro Ihree or four 
dials on ii Lower all sliowing dillerent tiinn, or (o hi'iir llm 
clock sl-riko when tho iniimte-limul is not poinling lo 
the OOtli ininulo. Wlieii intevtml <iounl('r)ioiHeH urn iiHcd, 
the arms which carry them .should bo ns long ns Muiapa<’i’ 
will allow, because tlio sliorter tho arm in whicli carriea llm 
weight tlio heavier tlio weight muat lio, und Iho gnintcr the 
constant pressure on tlio arbors and sookols. 


MAINTAINING POWl'lll K)U WINDING UP. 

167. As turret clocks tiiko longer timo lo wind up tljini 
house clocks, they still muro mpiiro soino iimiutaiiiiiig 
power to keep them going during Unit time, In (he best 
clocks Harrisotds going nUoIiott (72) is used; but (lare 
must be taken that tlic spring 1ms play enough to keim llic 



BOLT AND SnUTTER. 


205 


train going with proper force tlie whole time of winding. 
In clocks of moderate size the spring may very con¬ 
veniently be made merely of steel wire, wrapped in coils 
•with ubont ^tli of an inch interval between tlienL round a 
rod bent into in a circular arc, of wliioh one end is fixed 
to a spoke of the great wheel and the other end runs 
throiigli a socket screwed to a spoke of the rntchett wheel, 
so that the spiral spring is compressed between the two, 
being kept in its place by the circular rod run tlu’ough it. 
Ill very largo clocks however it is difficult to get force 
enough with springs of this kind, and therefore they must 
bo of the shape drawn in § 1%', and in all cases there 
eliould ho tu'o springs on opposite spokes, both for gi'eater 
security imd because you can get more play v’ith two than 
with one of twice the strength. 

168. Jiut tliere is a more common and much clioapor 
kind of maintaining power for turret clocks, which goes by 
tlic name of the bolt and shiUer j in which a weight at the 
end of a lever is made to drive one of tlio wheels in the 
train for a few minutes. Tins drawing nt p. 200, though it 
is not iiilouded to represent tlio common construction, will 
serve to explain it. TIic lover ABO D canying a weight 
at its end turns on an arbor A, and at B there is a bolt or 
elide (sliown as o, fuved bolt in tlio drawing), wliioh u'ill 
allow the lever to bo raised, but not to fall again without 
turning the great wlicol with it. This bolt is more com¬ 
monly made to slide in a socket, like the spring bolt of a 
door; but this is a biwl plan, as it is very liablo to stick, 
and then the clock is loft \7itlioiit any maintaining power. 
On the long arm of the lover there is placed a cap or 
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slmttoi' (difi’eronl; from Muil. hIkiwii in thd draw iiifj;) which 
covoi'S t’ho wiiidiiif' P{pmr« 0 wIhmi i\w. Inver ia down or md, 
in aclion; and l'li(tr<dnr<! tlie. niiui Iuih (o riiiae flic icver anti 
shuitci' out of the. way, befom lio cun put llio winder on. 
The bolt is genorally umdu to not on fim eeidre wheel lie- 
ciiuso tliatr(!(piii‘e.saless wni^lit; hut whent Ihe litul work \h 
drivonimhijK'udoiilly hy ilio great wheel, iih in § ld(l, ihis 
is objcctionahlo, bmnisi; it nui.scH llie eejilre «lii‘i'l piiiitm 
to act baokwimltt: if it i.s ineouvenient to apply il to Ihe 
groat Avliool it would in this eaKo bo Imtler in npjily it In 
tho liour-wheol wbioh is driven hy tlio gmil wlicel. Ami 
in any oa.su it is to be. votneinbered lliat the niniiiiitining 
power only acts until it lias rnu tim bolt tmt cl’ geiir, ami 
drops on to tho sto]» (l, or somo eonvonient purl of Ilia 
clock fraino, and it will of eom'.stJ rnn ilstdi’ notuicr out of 
a wheel that turns in an hour, and si ill more »mt of one 
tliat turns in about tw<mty niiimles, Ilian it will out of llui 
great wlicol. J.t niiglit indeed bo made to net longer by 
sotting tho lov(w upon mi arbor eoneonliio wilb (Init of llio 
whcol or nearly so, ami making tbu click Ibrow itM’lf out 
by coming against ajiiii in |.lm fraino when it bad gol, low 
enough j but tho moro siinplo and safer way Is to inako it 
act on the great wheel us llio eloek weight due.H. 

But Iho great (hsfect of alt iho enmmou nn'lliod.s of 
construeting tlio bolt ami almtler is lliat you have no se- 
curity for tho lever being raised far euongli to kocji it hi 
action during iho whole time of winding np, especially if 
Llio man loiters over it, ns ho is wvy likely to do iii winding 
a large eloek with a heavy weight. There is also n smaller 
defector just tho opposiUj kiiiil, vi/,: that tho muinlaining 
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power generally remains in action for some time after the 
winding is done, and so tlierc is a double force on the 
cloolc. Tliis docs not happen with a spring going barrel j 
and though that may also theoretically run itself down if 
the man is too long winding, yet practically it can hai’dly 
happen, because if ho stops to rest he will of coiu'se let 
tlie weight go off his own hands on to the clock, which 
will at once restore the tension of the spring, and lie 'will 
Ijogiu winding again mtli the same maintaining power as 
at first. lnd(!cd in a clock that t«kes several minutes to 
wind and has a spring going ban'ol, it is better to dii-ect 
the man always to stop and leave hold of the winder in 
ilie' middle of the winding. 

Jhit, on the other hand, it ia impossible to make tlie 
spring a(5l' Avitli equal force during the whole time. In 
clocks of the common construction this is of very little 
consoquoUGG, for the spring is only required just to keep 
the scapc-wlicel going, as a heavy pendulum will go for 
]nany minutes without any sensible variation, oven if it 
rcceivo.s no impulse at all from the scapc-wheol. Bub in a 
clock with a remontoire in the train, which always rcquii’es 
a certain amount of force to lift or wind it up, it is evident, 
tliat if the spring is to bo strong onough to do it when it 
is nearly run down, it must act much more strongly than 
is nccossiivy at first j and tlio larger the clock, or the longer 
it takes to wind up, the groalor immt bo the excess of force 
to bo loft constantly on the clock kain, in order to bring 
the spring to the requisite tension; wliich, though it will 
not reach the escapement, being intercepted by the remon- 
loii'Q, is of course a defect, and helps to wear out the clock; 
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and therefore the spring-going barrel is not so well adapted 
for a remontoire clock as some kind of maintaining i)o\vt!r 
which acts by gravity^ and so is pretty nearly constant, 
Mr. Air/s going-barrel, which ndll be described in § KKJ 
effects this object; but it so enormously increases tlie ex¬ 
pense and trouble of making the clock, and is .so uiUiL t(i 
leave in the hands of any but skilful persons aftonvnnls, 
that it is impossible that it can ever bo gonorally used, i 
have therefore attempted to contrive an improved bolt and 
shutter, wliioh shall be capable of acting for a iniicli longer 
time than can possibly be required for winding, and yoL 
call be tlirown out of geoi’ as soon as the ending is dono 
(whioli the common bolt and shutter cannot,' without ojjoii- 
ing the clock-ease), with a provision to seouro its being ho 
tlirown out; and wliicli will also have the more iniportnjifc 
advantage of rendering it absolutely impossiblo to begin 
M'indmg without previously raising the level' to the full 
heiglit it is intended to go. AH this can be done liy ii 
very simple addition to the common bolt and shutter, auil 
in a manner wliicli supersedes the necessity for any sliding 
bolt or click. 

159. The bolt B is noir, as it appears in the drawing, 
merely a fixed tooth on a short arm of the lever, and it i.s 
put into or out of gear with the great wheel, by sliding iho 
arbor A backwards or forwards in its pivot holes. Tlin 
shutter GE is no longer a cap covei-iiig tho winding square 
when it is down, but a chcular arc, whose centre is A, 
and which comes close up to the winding squoi'e, so lIuiL 
when the arbor A is pulled forwards, or gut of gear with 
the wheel, you cannot get the key, or winder on. And 
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in order to prevent the lover from beiii},' merely pushed 
■without being properly raised, its end D, or iinothcr 
iirjii pTojneting from it in any convonient jdacc, rests, when 
t]io Icwor is out of gear, in front of tlie atop I' (whicli will 
bo X^irtlicr described presently), ao that before you can push 
lhc3 lever back/you must lift it over the top of P, and then 
jjuhH it back, and so into gesn-j after that you cun put the 
svin(I<5L’ oil, and ns the clock goes on tlio lover falls, and the 
end of it desconds hcliiml the sto)) I*, us shown in tlio side 
vioW ofyi'G. Now I**/is a kind of llap or valve tunhiig 
on O' iiiiig(5 at f\ and it will be seen, on looking at the side 
vitjW of it, that you can, when you have done winding, pull 
Icjvor B I'oinvardj with its arbor, which ^vill pull the ilaj) 
ftirwiird j and tlicn the bolt being out of goal’, you Avill let 
Llio ] ov<ir drop in front of E* on to tlio block G below it, and 
tlio flap immc’iliatcly falls back, so that yon cannot get the 
I c3v<>r back again by tho w'ay it onmc out, but it must go over 
tlio toil of E’, ns at /list, when you wint to wind u]) again. 
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The reader may be inquiriiigj what will happen if tUn 
man omits to pull the lever out of geai*: fho clock will stop 
in five or ten minutes, as the lever will hold it fast. 
is so done on purpose, for it might be very easily avoicltnl 
by making the bolt a click, as before; but then you 
would have no secui’ity for the lever being properly ^lu'(I^vll 
out of gear when the winding is done, and being left in 
such n position that the man cannot begin winding i]n5 
next time without raising it. 1 had originally desigunii it 
wth a self-acting inclined plane behind. T?, to throw Uu'. 
lever out of gear as it desconda; but, on iho wdiole, 1 uiu 
satisfied tliat it is better to omit that provision, ns it W(JIi 1<1 
enooui’agQ carelessness in the mnnwho winds; for h<nvf»ul<l 
probably never take the trouble to pull the levor out 
gear, if he knew it would do so itself in a fow ininutcHj 
and consequently ho would always leave the clock udth tins 
double force on; wliich he would take caro not to do if 1 ki 
knew the clock would immediately report his ncgligonco i>y 
stopping. It is obvious that this apparatus can bo iip])lii‘<I 
as easily to any other wheel as tlie great wheel, tliougli, for 
the reasons I have mentioned, I prefer that wheel. AVIu'i'f’ 
the going part winds up by a jack-wheel, as I have rc(! 0 )n- 
meiided (141) for large clocks^ even when not absohii.rly 
necessary, the shutter CD might be put merely boliind thnf. 
wheel, so as to prevent it being pushed back without ih'at 
raising the lever; anti then pulling the lever out of gonr 
would, at the same time, throw out the jack-wlieol, anti is 
no more trouble than doing that alone, as is done in tlu^ 
apparatus which I must now describe. 
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160. Tina inaintaining powci* was originally invented 
for the great cquatoreal-tdescope-driving clock at Cara- 
bridge, which has a revolving pendulum (10), and there¬ 
fore will not bear even tlie momentary disturbance of putting 
on and taking oIT an ordinary bolt and shutter, though the 
force is very nearly uniform wlion it is on. It is fti)plied to 
the Exchange clock, and is intended by Mr. Airy to bo ap¬ 
plied to the groat clock at Westminster. 

Tho construction 
of it is oui'io\i3, and 
will Tccpiiro some 
nttontioji to under¬ 
stand tho principle 
of its action. Tho 
barrel arbor C is not 
set ill th(5 clock 
fraiiio, but in a 
swinging frame, of 
wliicli one side is 
0 A D, and which 
turns on pivots of its own (not an arbor going through 
tho I'ramo) at A, and is kept balanced between the weight 
M wbioh is hung to it as show in the di'a^ving, and the clock 
weight W with the woiglit of tho barrel and its wheels, as fol¬ 
lows, The pivots A are so placed tluit OA =:tho radius of 
the barrel. The reason why tbo sides of the frame are not 
straight will be explained afterwards; d is tho point where 
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JI would hangj if tlie sides wci'o sti'aightj or wlicrc A 
produced meets U D produced. AtH is the pinion of ll«5 
centre wheel. Now, since the clock weight W hangs i)y fi 
line passing through A, we may suppose the wliole as a 
system (tJiere being a piropcr contrivance to make it do sti) 
to tui’ii round A for a sliort time, and m'c shall then havts 


as tlic force of M upon the pinion Bj but this is 

dimiiiished hy the weight of tiic hjUTol and its wheel 
which we may call N; and their centre of gravity htfing 

they will produce a force on B tlic other ^vay = N . ff 
therefore wo suppo.se for convcnicjice A d to bo mfulo ~ A 0, 
the force upon B wlicn tlie system all turns rouiui; A will 
be (M-N)^. And we want this to be equal to tUd 
force exerted by the weight W when tlie baiTol ninl 
wheel turn round 0 as the fixed point, which is W ? 
therefore, in order to find what the weight M must bo, "'t* 
have the equation^^= 5 =^ 

Suppose, for example, that N=: 1 owt., Wsss 2 ru't., 
and the diameter of the barrel m half that of the wln^d. 


then M will have to be d cwi. Thu w'tiy iti 
which the machine is all made to turn round a while wind¬ 
ing up, or wliile the weight W is tnlcou olf tho clock, in 
this: there is a click K fixed to the frame CAD at A, iiiul 
working in an internal ratchett of the great wheel, of wliioli 
a few teeth are sliomi in the drawing j the common burn'I 
ratchett H being fixed to the great wheel, 

The clock is wound up by a jack wheel G, u'orking into 
a ivlieel set on the end of the bai-rel as in other largo eloclc.s,* 
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the jack wheel arbov is placed on a level with CA, and 
therefore the point of contact A of the two wheels may be 
considered a fixed point, and the wholp system is still 
balanced upon it while winding. The arm AD is made 
oblique, in order that if lire equilibrium bot-a’cen M and W 
should bo deranged by tlic friction of the pulleys or other 
causes, it may speedily restore itself, a small motion of the 
point D causing n sulTiciently large alteration of the length 
of kd, or of the moment of M. A<'/j whereas if CAD were a 
straight lino, this #2<3?«e?«Avoidd not be sufficiently cliangod 
until the frame had moved through a largo angle, and pro¬ 
bably run itself out of gear altogether. It will now bo 
easily understood that this niaclrino must be exceedingly 
exponsivo and troublesome to make and fix j though the 
luoro olovalion or aeciioii of it in this drawing gives no idea 
of the additions and Elevations which it renders necessary 
ill the clock frame and the rest of the train. And after all, 
however useful it may bo for a clock until a revolving pen¬ 
dulum, it does no more for a clock with a vibrating pendu¬ 
lum, and cspeciEvlly one with a romontoiro, than a common 
bolt and shutter, u’hich does not cost one fiftieth part as 
much as this did in the ISxclmngc clock, provided only you 
can make sure of its being properly applied j which, as 
I have shown, may bo done very easily and cheaply. 

STillKIMG PAHT. 

161. The striking iiart of a chm-ch clock is much the 
same as that of a house clock, except in the position of the 
hammer, and its acting by its own weight instead by u 
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spring. Tlie shape of large bells being nol, IteniL^phericiil, but 
of the shape in tliis drawing, the Uiick part S or sojiml hoiv 



of the bell is so curved, that a tangent to it would make an 
angle of about 35® with a horizontal plane: and tliorofure 
the axis C of the haramer must be so placed that OS will 
form that angle with the horizon. As in house clocks {.lu* 
hammer is prevented from jarring on the bell by a spring iw 
shown in the drawing. 

Now it is evident that a hammer resting in this position, 
and rising in a cii'cular arc, requires more forco to rnisn it 
at the beginning than at the end of its motion. But ns 
striking pins of the common construction must begin to not- 
at some distance fi.'om the end of the lever wliich they raise, 
their force is less at the hegiiming than the end of tlio 
motion, and so a good deal of the force of the clock is 
wasted, and the hammer is not raised nearly so high ns it 
might be if the action were uniform. As regavrl^ the ham- 
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inci’j ■\VG may rcinovo this inequality in a great degi’ee by 
putting it on a long simnk, as it will then rise a given 
height with loss angular or circular motioiij and con¬ 
sequently with less waste of power in the train which raises 
it, and it will idao full with less friction on its pivots^ and 
t]\crefoi’C greater velocity. And as regards the strilung 
pins, we must make them of such a shape that they do not 
begin to act at some distance from, but at the end of ^the 
lever: that is to say, they must bo of the form called cogs 
nr cams^ of which the curve is to be determined by caleala- 
liou or experiment, so that the lover may alu'ays act only 
upon its otul, and with a sliding and not a scraping friction 
betwoou tluj two surfaces. 

lOa. Wow raising a lever by cams, or cogS) or is 

a difroi'ouL thing from driving a wheel, though it may 
appear to ho the sumo tiling j and 1 may as well warn any 
rcindor of tlic common tnuislution of ^ Camus on tlio teetli of 
wheuls>' that tluj rule for the construction of cams given in 
t!io tiiti'oduotiou (which is not Oamus^s) is entirely wrong, 
from overlooking this diirci-ouco: it would be right if the 
end of the li^vcw Avero a round pin. In wheels, Avhen a tooth 
of llio ^driver'' lias driven a tooth of the ^follower^ to a 
certain dislanco, they leave each other, and the motion is 
taken up by another imir of teeth i and when the two teeth 
part company, the ond of the driving tooth is pressing 
against the side of the driven one, and not at its ond, as the 
lc{ 5 tli 0, c, in the drawing at p. 138 j whereas a cam raising 
a lever must finish rvith the point of the cam at the end of 
the lover. Therefore the curve of the cam must, firstly, be 
such that it will remain acting upon the end of the leVer all 
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the time, instead of beginning at the end, and then gc>iiig 
farther up, as in awheel, and tlien sliding back again ; mid 
secondly, with a view to diminislung the friction, the curve 
must allow the end of the lever to move upon it as a 
tangent through the whole motion; and in that case, if 
the lever u’ears at all, it must still wear itself as a tangent, 
and will therefore never change its proper form, if tli<5 end 
of the lever is made n circular arc round the centre on whicli 
it tui'ns. 

163. The curve which would do tins accurately is cnllml 
ill mathematical language because of the mode in 

which (theoretically speaking) it can be de.sci'ibcd. Prac¬ 
tically however that method cannot be made to ansM'iu'} 
neither is there any other convenient way of descidliiiig 
it, as far as I know. But it luckily happens that a cui'V{! of 
the same natui-e as that which is required for teeth is sulll- 
ciently aecui’ate for any such angle as a hammer lover has In 
move through, though it would not do for hirgo nngles.-!<- U 
M'ill be found by any one who makes the calculation, that 
there will be no appreciable error, for angles up to about 30^'', 
if t be the leugth of the lever or tangent, a the radius of the 
circle upon which the cams are to be set, and r the radius 


^ * I my remark that this curve does not raise the Immmov ^vith 
qmte nmform velocity, hnt rather more quickly at tlie bcgimiintr. 
The difference however is very small, aud is of no consequciico j for 
as the tram always has a little nm before it begins raising the ham. 
rner, it has move momentuiri at first. In fact, a clock made in 
the common way wffl often not he able to start itself, if the wheels 
are so placed that the lever la left just reatiiig on a pin when it h,m 
done staking, for want of the momentum acquired hy the run nrovi- 
ously to encoimtcring the resistance of the hammer. 
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of the circle which is to generate the epicycloid by rolling 
on the circle of rncl. a, and r is determined from the equa¬ 
tion; «. 

h'or example, suppose 25 =s 4 inches, and a == 8, then >• 
will he '9 inch, or rather less than a quarter of the length 
of tlie lever j and it will not be much affected by changing 
the value of a to a moderate extent. These are the si/.cs of 
a and t in a large clock which Mr, Dent haa lately made for 
Tavistock church, in wliich this construction was adopted. 
There are 24 cams on the wlieel of the horn' part, and 36 
on eacli side of tlio great wheel for the quarters. Tho hour 
boll weighs 80 oM’t.; and though tlio wheel with these 
(iams on it is of cast iron, and tlioir surfaces are not polished 
as pins always arc, the sticking weight is only 2 owt,, with 
a fall of about 00 feet, which ovory olockmakor will recog¬ 
nize ns much loss than usual for eight-day clocks striking 
oil much smaller bells. This arises partly from tlio slinpe 
of tho cams, and tlie short run of tho lever ujion them, and 
partly from tlioir being on the great wheel instead of tlic 
second Avlieol, and in sonic degree also from the cams acting 
on tho lover on tho same side of its axis na the haromcr 
wire, being what is called a lever of tlie tliird order j for 
in that case tho pressure on llio -axis, wliich produces tlie 
friction, is only tho difemice between the prcssiue caused 
by tho ivcight of tho hammer, and that of the cams, instead 
of being the sim of those pressures, as it is wlicn the clock 
and llio hammer are both pulling upwards at opposite ends 
of the lover. 

104. Tho striking part of the Tavistock clock, that is, 
tho snino patterns of tho wheels, is adopted also in tho Mean- 

L 
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wood clockj wliicli has a bell of only 11 cwt. It mny be 
supposed tliat tlie same wheel cannot bo right for a bell of 
11 cwt. and one of 30 cwt. Perliaps if it had been neces¬ 
sary to make a new pattern, it might have been made of 
15 inches diametei* instead of 18, but certainly not less, or 
it would have made the spaces for the cams inconvenicritly 
small. And the extra size and weight are of no coiuso- 
quence in the first wheel of the train, especially as the rope 
pulls upwai'ds. The result is that by adopting this ar¬ 
rangement of the cams and a east ii-on wliccl, one pattern 
win serve to produce wheels lit for a boll of 11 cwt., and 
also a great deal stronger than the old-fashioned wheel 
which raises the hammer of great Tom of Lincoln. As T 
])elieve this kind of wheel is new I have given n sepaiatt^ 
drawing of it, showing a few of the cams, and tho lover. 



But although the exact value of a in the above equation 
is immaterial for the purpose of determining the shape of tho 
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epicycloidal cams, we have still to find out at wliat deptli 
fcliQ earns must be placed, so that Iheii* points may just come 
up to the bottom of the teeth of tUo wheel, which must be the 
boundai'y of the cams. For this purpose cut out in tin or 
paper a pattern of one of the cams of greater length than 
will bo required, and also cut on the tin an edge represent¬ 
ing a tangent from the bottom of the cam, which will be a 
radius of the great wheel, and prolong it to a point T al 
the distance t from tlio bottom of the cam \ and cut out 
also on the same piece of tin an oi'c of tho circle which 
will bo described l)y the lover t round T (leaving a piece 
of the tin at tho junction of the cam and of tlic arc sufll- 
ciont to hold it together). Then draw on a board a circle 
nbout ^th of an inch larger than tho bounding circle and 
divide it according to tho number of tho cams, Take tho 
tin pattern and slide it about on tho board, taking oaro 
always to keep tho edge which represents tho radius of tho 
wlicel ill a radial position, until you see that a portion of 
the cam and of tho Icvcr-nrc is just included in one di¬ 
vision of the largo circle. 

The place where tlic point T falls on tho board wU tlieii 
give tho exact distance of tho ceiitro of tl\e levci* arbor 
from tho centre of the wheel: and another circle drawn 
on the board of the exact size of tho bounding circle will 
cub tho points of tlio earns at tlio proper place; and their 
backs should be cut away in cireuloi' arcs drawn with a 
radius a little longer than t. Tho reason why the fu’st 
circle was drawn on tho board rathor larger than the actual 
bounding circle was to allow tlie lever to fall off one cam 
a litblo before tho next is ready to receive it. And it must 
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1k! romojiibornd that the of tho Im'cr in* 

nlleml from ilm kmglli nor tlui posit ion of its rniliv 
Hllorcd from Hint dotorinincd ns ahovn; and Ilm fiu’o of tin- 
lover Tuiiat lie in iho alriii‘{ht liim or ])latm joiniisff llio 
conU’oa of ilie wlieel nrlmr and Ilm h^ver arlmr. If luiv 
more spiuio is rofpnred to clear Urn lovin' in its full, it nm^l 
be taken oir Ilm hack of tlm cams and not oil' Iho end of 
the lever, as it is very templing to do, or limy udl no 
longer-work togellier witliont serajnngj in faet ll»r lever 
iiiul Imtlor be too long Hum (oo short; and Ilm end of (lie 
lover should l)e an iivo of a (rirclo deseribi-d round tlo' eeii» 
Ire of its arbor, us it will then always keep tlm stiiiH' li'ii}d!i 
as it nmars. 

Even if epieyeloidal earns are not used, noilln'e 'mmll 
pins ]ioi' rollers should he nse»l; but llu’ ]>inK HlnniM be 
eyliiulers largo enough for lli<'ir aelion to he;dii 
near ihb end of the levctr as may lie, and half On- ev.. 
linder should bo cut away (as iiubid every leltiupr-idf pin 
should ho) to let the lever dr<jp siulileidy as sen in m* il 
lias rijaelmd its highest point; wliieli rollers |nevriit. 
causing ilm drop to begin slowly, wherdiy jiart of flu* riM', 
and iho power of this clock, i» wastiul, 'I'lm aeliuK rare of 
tlm lever slu)uld bo not loss limn half an imdi lirtmd Cor a 
largo oloek, for tlm same reason tluit broad (e(;Lii an* Imlli r 
than itnrrow ones; a narrow lever cuts nicks in uU the )iiim 
ill a very short time. And in order to take as muoli jm s- 
siiro as possible olf the pivots of Mm arlmr on whioli Mm 
lever is lixed, ilm two arms of tlm lever should Im »h .dose 
togcMmr as they can bo plaml and not one at oiu« end of 
the arbor and tlm other at tUo other; and all Mm cnnika, if 
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nny ato required, should liavc long arms, in order to di¬ 
minish the angular motion required for a given rise of the 
haininer; and there should be ns few oranks as jicssible. 

105, I have described n simple method (20) of trying 
w’hafc force any given cscapcmoui is really using, or how 
imich of the going weight is employed in merely overcoming 
l;)io friction of tlio train. It may bo ascertained by a 
still more simple method, how mucli of tho striking weight 
is lost by friction, and the motion of tlie train bctweeji 
every two blows, and by the hammor levor and cams being 
80 arranged tlmt nearly all the power is consiuncd in raising 
tlio hninnior tlie first inch. It appears that the Imminor 
shank, or rathci’ the lino from tho axis to tho face of tho 
hammer, goncrnlly makes on niiglc of about S5“ with tho 
horiaou. Since wo cannot help some force being lost by 
the rise taking place in a circular arc instead of a straight 
lino, though the radius of tho arc ought to be made as 
largo as possible, wo may, in comparing ojiq clock with 
another, assume the hammer to rise in a slrnight lino at un 
angle of 85° to the vertical. 'I'hcrefoxo if H is its weight 
(beyond wliat is required to baluiico tho rod work, strictly 
speaking), and d the rise from the bell, the work done by 
tho hammer in tho day is 150II cos 85°; and if A is tho 
actual fall of the clock weight W in n days, is the work 
it oiiffM to do in Iho day if no force woto lost j and the 
ratio of these two quantities will show whnt proportion of 
tlio power is lost. Cos 85®«*82, and if d is expressed in 
inches and in fcot, and n is eight days, tho above ratio 
will bo very nearly wliich, if ihero were no loss of 

power, would bo a ratio of equality. It will bo found 
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however that it is seldom ns nmch as and often ns litlir 
as !•, in clocks tliat strike from the second wheel, .lii llu' 
Exchange clock it is rather more, boeiiuse it lias cams, iinf. 
pins. In a table given of five existing elooka among tln’ 
parliamentary papers respecting the Westminsler (dock, llii^ 
only one, even if those that strike from the great wlim-l, 
that gives this ratio as higli ns -g is the, oiu) in 'VViUoii 
Place (St. PaiiPs, lOiiglitsbridgc), which is a clock Avitli 
cast iron wheels and cams; not like ilie 'L’avistock wheel, 
but with ton cams on cacli sido and two hammers raiscil 
alternately. In the Tavistock clock tho above ratio is *i!4 
liigli as or only ^th of tho power of tho olook is Itisl- lu 
friction and tho noecssary interval botweeu tho liumriK**' 
falling and beginning to rise again. 

186. It is inoutioned in one of tho pavlinmentnYy papc'Vt* 
that in some foreign clocks tho luimmor is placed witli ilw 
head downwards and its axis near tho lop of the bell; ho 
that it is easier to raise at tho beginning than at tho ojul 
of the motion. This is no doubt an advantage when tht? 
hammer ia raised by pins which begin to act at some <liH- 
tance from the end of tho lover; but it must bo remcinboro <1 
that a hammer so placed will require a inuoli larger angular 
motion than one placed as usual to raise it to the .siiiini 
vertical height, on which tho force of tho blow de])oiulH, nnd 
not merely on tho distance from tlio bell to which it in 
raised; for it -will be scon on looking back at tho drawiii;;^ 
of a bell that tho hammer shank must stand at a mucli 
larger angle with the horizon than 36° when tlio luimmor hviid 
is downwards, and moreover it will strike tlio proper puvl. 
of the bell more obliquely, since the angle of 35° (nr 
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tlioreabouts) is adopted just because it is that which enables 
tlio liammor to strike the bell as directly ns possible. 

When the bell is not required to be swung, the hammer 
might indeed bo set at the proper angle by putting the 
head upon a sort of double shank embracing the bell. Bui, 
as lias boon shown just no\v, wc can get quite sufficient rise- 
out of n hammer set upon a shank of proper length in the 
eoinmon way, with no greater loss of power than |tli] n 
gr(!at part of which must, under any construction, bo- 
lost ill the necessary interval between the fall of the ham¬ 
mer and its beginning to rise again, and in the inevitable 
loss duo to the hammer spring; and ihoreforo I think we 
may bo more profitably employed in improving the conatnio- 
tion of the olook itself than in making or adopting oontriv- 
anoos to meet a dofoofcivo construction. 

I think however that it is a question worth consider¬ 
ing, for a stationary boll, whether it would not bo bettor to 
inako it stand with its mouth upwards, that the liammcr 
may strilco it on the inside, as the clapper does. No clock- 
liamnicr ever gets such a sound out of a bell as the clapper 
does when it is ringing in full swing. It is not impro¬ 
bable that the bell opens under a blow raoro freely than 
it closes; a blow on the inside makes the circle open in 
that part for its first vibration, whereas a blow on the out¬ 
side ia resisted by the bell as an arch. 

I may mention that a stiff hammer-spring, winch allows 
the hammer to stand very near the bell, is better than a 
■weaker one, which admits of larger vibrations, and therefore 
requires the liammer to be kept farther off. 1 have much 
increased the sound of a house clock with an unusually 
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large bell and liammor, by subslilutiiig for the common stojj' 
spring a thin 2hec!e of vulcamzcd Tndm-riibbcr, set iipoTi n 
firm stop just below the hammor-hend. Moreovesv, llio 
hammer ought to have a bronilfncc, and not, as some eloch- 
makers fancy, a sharp one. Besides the inferiority of tlu« 
sound, I remember a very largo and fine bell being crackod 
by a hammer set so as to strike with its o<lgo. 

QTJAKTKKS, 

167. When the clock strikes quarters, the striking 
wheel is made in the same way ns the hour striking wluud, 
only inth cams or pins on both aides of tlic M'licel, of th<» 
proper number for each hammer to strike 120 times in (luj 
twelve houi’S instead of 78. Tho cams on one side slioultl 
not bo sot half way betwccji those on the other, but lino 
cam that raises the second hammer slumld bo behind tl^o 
other by about one-third of the dislimco between two 
successive cams on the same side, in order that the intervjil 
between the two blows of encli quarter may bo half that Int- 
tween each successive jiair of blows. In this case I sii^)- 
pose both the levers to ride upon one arbor, which is a b(d- 
ter arrangement than putting tliomoii difl'crent arbors, ono 
below the other. In tlic Tavistock clock, the l,wo levtu ’3 
are arranged ns shown in tliis drawing, in order to bring 
both their long arms into the most advanlagoous posilion. 
I have not thought it required to show the movcaljht 
bushes, wliicli are necessary to enable llio arbor of the two 
levers to be passed through all the four holes in the frmno 
and levers. 

In all cases, both for the hour and quai'lcrs, there ought 
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to bo a strong stop (if cast on tlio frame all tlio better) i'ur 
Iho long arm of tbo lovers to strike against wlicn tbe ham¬ 
mer fjvllsj to take tlie sliock olV the striking pins, and, as far 
as possible, oh’ the arbor. Such stops arc often put to the 
short arm, and juuch loo weak, and too near the arbor. 

The quai'ler bolls should be Iho 1st and tho dth or 6th 
of a ])cel of 8, tho hour bell being the 8tlu Where there 
are less than 8 bells, (pmrtors may struck at every quarter 
except the 4th; and this will only require 72 blows for 
each hammer in the twelve hours, 

1G8. Whci'cver there is a pool of ten bells, tho quarters 
may consist of chimes like the woU known chimes of St. 
Mary^s at Cfunbridge, or tlmt (in my opinion) very inferior 
*■ improvojncnt^ of it at tho Royal Exchange, for whicli, 
hon'ever, it is right to slate that tho maker of tlio clock is 
no inoro responsible tliaii for tho bolls, about 'whicli there 
has l)een so much discussion. The bells used for such 
chimes ai’O tho Isl, 3rd, and Ctli of a peal of six, 
or (which is tlie same thing) of a peal of ton, tlio 10th 
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' being the hoiu'-bell. It cannot bo doiio wiili n lical of 
eight, because the first six do not themselves foi'in a peal; 
and the 4tli of a peal of eight is ft very imsemble Hubslitiilr 
for the 6tii of a ped of lenj though it is adepied in hi>iiu‘ 
places, as at Si. Clements chni'cli, in the Strand; mid I 
could mention a cloeic iniido for ft nobleniau a fmv' yciii'M 
ago, who intended to have the Cambridge cbiines, but ilu' 
five bells had been cast of the notes for a pi'al of eight 
before the oloclonaker Icftriicd (on rtsking ino t{> lui'iiinli 
liim with the proper ehftngcs) that the bells u'ould not 
make those clunics at all. To prevent auoli mistiikes in 
futiu'C, I will state what the ohiin(« are, bolli of tlm C.^iiri- 
bi'idge and Exchange qumters, and tlio construetion of flie 
baiTcls to produce them: 

Cambi'idgo. 


Ilxeliange. 


U 


3d 


(3126 ] 

1st - 1 

[312(0 \ 

\ 3213 

'4,th 8d • 

6213) 

1826 ( 

Mil 1 

L 

[ 1320 

6213; 

1 

3213 J 

1286. 

. Ist 



- 2d 
'till 


Tile Cambridge bail'd turns twice in tho hour^ Imviug only 
the live chauges set upon it, and the tmmbov of tlusii to bo 
played at each quarter is dclormined by tho loekiiig*p]ati', 
which turns once in the hour. The biUTcl must lir.-it 
be divided not into 20 but 26 equal parts, mnl every liftli 
division left without a pin in it, in order to allow twieo nu 
much time betivecn two successive changes as between two 
successive notes of the same oliango. In the il'lxeliungi: 
oJumea, the reader will see that each quarter begins with 
the same change, and therefore, though there are only four 
changes altogether, yet the barrel must lidco tlic whole hour 
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tui'ii in, and must have 40 pins in it, instead of tlio 20 
^'^'^uired for the Oambiidgc chimes. And conscipieiitly, 
^^idos llic inferiority in tlie tunes played by the Exchange 
to those of St. Mary's, you cannot tell ivhat quarter 
is until you have lieard out tlie whole tunc; whereas 
^’^Orybody in Cambridge knows (tircctly a quarter begins 
it is going to be, except that the hour begins ndih the 
changes as the lialf hour. 

Chimes of tins sort aro so mucli bettor than the com- 
ding-dongs, and so much easier to distinguish, nt least 
"'Ixen they havo a diflercnt tune as ■well as number for 
oi-y quarter, that it is to bo hoped the present plan of 
groat Wcstininstcr clock ■will bo altered; and that as 
hour bell is intended to bo the largest over made in 
^'Vgland, viz. 14 tons, so its quarters, if tliey cannot bo 
superior to all others in tunc as well as size, will be 
least equal to the best that aro known. Eight bells, 
"’'liich were proposed by Mr. Barry, are loo many for 
^T-is fcinotness as a quarter chime, and ao would cause groat 
^tlclitional expense for no good. Mr. ’Whitehurst suggested 
iivo; but those are very inferior to the Gainbridgn four. 


BELIiS. 

]fl9. As tliis subject of holla is inalorially connected 
with that of church clocks, I will add a few reinaiks upon 
it. And first, I may observe tliat it is sometimes a ques¬ 
tion whether a clock should be made to strike on tlio tenor 
bell of the existing peal, or upon a little boll to be set 
apon the top of the towori ’When the tenor is a largo 
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bell, tliei’e can be no doubt that it has inuoh tho boyt (ifTocb 
to strike on that, But then it generally requinia n larger 
and more expensive clock; and unless the tenor is n hell ot 
at least 10 cwt., a small oiic of two or three e\vL. outsido 
the chui’ch will frequently be heard farther, and accordingly 
that plan is sometimes advaiitngcously adopted. 

170. 'Where the bells arc not ready irnide for tho oloclc 
theii’ size is of course optional; but mifortimately their 
quality is not equally at the option of tho purchasers. And 
in consequence of the disputes whicli have oeeurrod r(!Hj)ect" 
ingthe Boyal Exchange bells, I udsli to suggest to llioso 
who have to give judgment on bells, that tho lim, that is 
to say, the note of one bell relatively to others, is a totally 
distinct tiling from the iono, or absolute quality of tho loll, 
and of inlinitoly loss oonsequonco; booauso the notii cun 
easily be altered suiHcicntly, but tho lone of ti bad bcdl cuu 
never be mended, except by breaking it in pioccB, and molt¬ 
ing it; and not always by tliat, if tho metal has boon bad 
originally, or the bell-founder docs not know Imw to nnik(^ tv 
good bell. In order to judge of tlie absolute goodnoaa or 
tone of a beU, what is wanted is not so raueli musical know¬ 
ledge or perception of (nno ns cxpcrimenttil Iniowhulgo of 
what beU-metal is capable of. A peal of cast iron bidln 
might be made perfectly in tune, and to a person who liiitl 
never heard bell-metal bells, would appear a perfect peal, 
No rules can be given to enable people to judge of tlui 
quality of sounds; but a few things may be mentioned na 
necessary to attend to; sucli as, whether the boll sounds 
freely on being lightly touched; how long it Miokla tlm 
sound,'’ compared with other known bells of about tho aaino 
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BiKOj and of good quality^ and particularly whether on fJing 
or polishing the bell anywhere the metal appears perfectly 
close and free from holes. If it docs not, you may bo sure 
tlio bell is a bad one, without any further examination, and 
it ought to bo condemned at once. A bell may olso be too 
thin for its size, and perlmpa occasionally they are made 
too thick. In bad bells, it may bo frequently observed that 
you lujar a harsh metallic sound of the knock of the liamr 
mor, independently of the continuous or liiiging sound, 
which alone ought to be hoard. Other points must be left 
to the discretion of the judge. 

As many persons may have read some remarks on the 
I’olativo merits of Iho great bells of St. Paul's and Christ 
Church, Oxford, in ono of the Poiiiaincntary papers, I must 
say that I do not agree with them j on the contrary, I 
think St. Paul's fur the best of the four large bells of Eng¬ 
land, though it is the smallest of thorn, being about 5 tonsj 
while York is 12, Lincoln 5i, and Oxford 7|, which last 
is a remarkably bad bell. There ia a general opinion that 
bells cannot bo made now equal to tlic old ones. It is true 
* that bolls improve in sound for n fow months, but no niorej 
and they only alter in loudness, not in the quality of the 
tone. The badness of many modern bells is due not to 
want of ago, but to want of skill or attention in tlic founder. 
I have soon as bad bells as need bo, with dates of about 200 
years ago j and the best I ever heard (for a small peal), at 
Castle Camps, in Cambridgeshire, U’cre made about 20 
years ago by a country l)cll-fouiidcr, of tiro name of Dob- 
son, who hoM'cver did not meet with sulllcienl encourngo- 
moiit, and lately died a pensioner in the Chartor House,; 
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and many excellent bells, botli large and small, were cnafc 
by Mr. Mears, and his predecessors, Messrs. Leicestci’j, 
Pack, and Cliapman, at the well-known foundiy in ‘Wliitc- 
cliapel, which for some years has enjoyed nearly a mono¬ 
poly j I have lately however seen some very good bollsj 
made by Messrs. Taylor of Loughborough } and I have liad 
the opportunity of comparing one of their bells with fi 
foreign one imported by Mr. Dent for trial, and the Eng¬ 
lish one was decidedly the best. . And therefore, though 
the casting of bell-metal is a ^ mystery^ requiring consider¬ 
able skill and management beyond merely melting together 
certain quantities of copper and tin, thore is no reason 
to reckon bell-founding yet among the arUs If 

people worJd always reject bad bells, good ones would aoon 
become as common as they ever were, 

TIME OP STUnCING PIPST BLOW. 

171. It is usual to make the quarters lot off the hour j 
that is, the locking-plate of the quarters is furnished with 
a pin or n snail wMch, while the last quarter is striking, 
performs the office of the discharging pin ou the hour wliccl 
of the going part when iJiei'e are no quarters. And for 
ordinary clocks this plan does well enough; but it is evi¬ 
dent that in that case you cannot rely on the first blow of 
the hour, wliicli is the proper indication of the exact time, 
being right to several seconds, because it depends on the? 
rapidity with which the quarters may happen to strike, in 
addition to the ordinary sources of inaccuracy in the time 
wliich the hour train takes to get into action; both of wlucK 
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dilTer considorftbly in difFerent slates of tlie clock. And 
tliereforc in some clocks there arc two snails sot on the 
liour-wlieel, one of which lets off tlie quarters, from a quar¬ 
ter to linlf a minute before the hour, and the other snail 
lets off the horn* striking part exactly at the hour. And 
here I may remark, tliat the larger the snail is the more 
accurately it will let off, because the linear space on its 
circumference corresironding to one beat of the clock will 
be larger, but the more friction it will cause, Moreover, 
if the time of striking the first blow is intended to be very 
aoouvato, the hammer sliould be left on tlic lift, or just on 
the point of falling, inalciid of having to v’ait wliilo the 
train is raising it. And in that case (and indeed it is better 
to do so Avliotlior tlio haiuincr is left on Iho lift or not) 
there should bo a small click applied to oiui of tho wlieels 
of the striking train to prevent it going baobvards when 
tho clook is being wound up. Mr. D{mt uses inevt^ly a 
single pin, set as a tootii inlo tho fly arbor, and so placed 
that tlie click falls ngainst it when the cloclc has done 
striking. 


TRAIN llEMONTOIRTilS. 

172. Tiiis naturally leads to the subject Qi remonloircs 
in tho train, which 1 have sovoral times referred to, and 
which are quite distinct from romontoire osenpements. If 
tlie scapo-wlicol, instead of being driven directly by the. 
train and the clock weight, is driven by a small weight 
wliioli is wound up ni every twenty or thirty seconds by the 
clock train, the clock will Imvo these advantages; 1st, Tlie 
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scape-wlieel vnii be driven by a force as nearly uniform as 
possible, being free from all the iiieriualitics of the friction 
of the train and dial work, and the ellect of tlio wind upon 
the hands. 2ndly, The striking may be let olF more ex¬ 
actly than in the common way, because the snail Mdll lurn 
through a fifteen times larger angle if let oil’ by tlic le- 
montoire every tliirty seconds than by the pouduluin ovory 
two seconds j and so you may be quite sure that the striking 
will be let off at the sixtieth second of the sixtieth iniuuto 
of the hour, which you cannot secure iu tlie common vmy. 
Srdly, The long hand will move a visible distance by jumps 
at every half minute, wliich will enable a spectator to ob* 
serve the time as accurately m from the second-liand of ii 
regulator; whereas in common turret clocks tlie iiino can 
hardly be taken to less than a half a minuto oven in tho 
most favorable positions of the minutc-liand. In short by 
the use of a remoiitoire in the tmiu a clock would go 
better, and would also be available ns a regulator both by^ 
sound and by sight, as perfectly as an astronomical cloclc j 
while a common turret clock, if it goes ever so well, is 
useless for very exact observations, such as a person wanting 
to regulate a good clock of his own tvould require, ns ho 
can neither tell the time from the liojids nor roly on tho 
striking to several seconds. 

178. There have been various contrivances for this pur¬ 
pose. One is described by Eeid as having been put up by 
Mm at Edinburgh in the last century, whicli 'was worked 
by a Huygens’s endless chain (79). He says it wcjit very 
well, but that the chain and other parts connootod with it 
wore out so fast tliat it was removed. There have been 
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many attonpts at it in liVance, but they are stated in French 
boohs on the subject to have been generally unsuccessful. 
However a public clock ^Yitll n remontoirc in the train has 
now been going for five or six years in Londonj and the 
cillcacy of it as regards time keeping may be judged of by 
any of the numerous chronometer-makers who live witliin 
sound of the Exchange bolls ; and any person may judge 
of the elfect of it as regards the other objects I have men¬ 
tioned by looking at the long hand just before it strikes the 
hour : ho will sec the last jump of the band, after the c^uar- 
lovs have done striking, talce place at the same moment as 
lio hears the flrst blow of the horn', And as the great 
clock for the now j)alaco at 'Woatininstor is to have some 
oonti'ivanco of this kind, a description of it will probably 
bo inloresling. 

Any person with a modernto amount of ingenuity will 
soo that the only real difficulty in the inoblom is to keep the 
notion of the romontoiro weight on Uio scapo-whccl udiile it 
is being lifted. Harrisoids going raichett might of coiu-se 
be applied; and although it would cause a small amount of 
friolion, it u’ould have some advantages perhaps over the 
one I am going to describe. The plan of the Exchange 
clock remontoiro is this, omitting some merely mechanical 
details. The ivliecl D, whose pinion is driven by the centre 
wiled E, has internal teetli; and a wheel C, which rides 
upon the arbor of D, has external ieotli as usual. On the 
arbor of D there rides also an arm or lover 0 B A, carrying 
the romontoire weight A; and iliero is (or may be con¬ 
sidered to bo) a pin or stud upon the arm for a wheel B to 
lide upon, wbicli works between the oxtonial teeth of 0 and 
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the intoninl teeth of D. Consequently, wlionevor ilio 
D is di’iven hy the ti-aiii it MriU raiso the right side of dh 
wliich will raise the lever and the weight} but the hift sidii 
of B ^vill nevertheless be always pressing do^vriwards on <1 
and tending to turn it the opposite way to D; and ihori'foro 
a large wheel F fixed to the wheel 0 may bo employo.d lo 
drive the scape-wheel, wliich will then be di’ivcn inorcly l)y 
the remontoire weight and not by the clock train. 

174. The mode of letting off the train at every Iwoiily 
seconds Is tliis. The scape-wheel aa'bor turns in a ininiif o 
and is nearly half cut through in three places near together ; 
and on the rim of B, which is made broad enough for Mm 
purpose, are placed three sets of spikes iu different pliiiioH 
corresponding to the three nicks in tlie scape-wheel arhof; 
and these tlu-ee nicks being made at angles of 00“ to ouch 
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otlici’j tliey come sucecsaivcly at intervals of twenty seconds 
into such a position tliat a spike of one sot can pass tlu’ough 
the corresponding iiick, but a spiike of the next set strikes 
tlio arbor in a place where it cannot get through for 
twenty seconds inorOj and then a spike in the third plane is 
stopped in the same wny, and so on. Thus at every twenty 
seconds tlio wliecl B is allowed to move through the space 
between hvo spikes, and so the little weight A is raised 
through a small space by the force of the clock train, and 
ihc force on the scaxjo-whecl is the same nxmu th# wliolo 
for every successive third part of a minute, though daring 
the twenty seconds it varies a little ns the distimeo of A 
fi’ojn a vortical lino through C varies, by reason of its des¬ 
cribing a oivoular arc. 

Half a minute would be a better interval than twenty 
seconds, because it is not easy to see at a distance wliether 
the liand is ton seconds before or after the half minute, 
and the motion at ca(5U move would also be half as much 
again, for tliirty seconds ns for twenty. 

175. The plan which is mlopled in the Xhcnch turret 
clocks, which I undcrataiid arc now goiierally made with a 
remoutoiro in tlio train, is llio same in principle, only in¬ 
stead of a wheel rnnniiig between the internal toetli of one 
wheel and the external tooth of anotlicr, a bovcjllcd wheel 
riding on the i'omonl<iirc arm runs hctu’cen two other 
wheels at right angles to it, as shown in tlio next drawing. 
The wlicel 1) perfonna the olTico of the internal wheel !D in 
the iExcliango clock, raising the weight A by means of 
the wheel B, which turns fredy on the roinontoiro arm, 
and 80 ahvays presses downwards on C, to u'liich is fixed. 
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as before, the 
wheel 1'' whieli 
is to drive tlio 
scape - wheel j 
and the broad 
wheel, with the 
three rows of 
spikes in it, is 
fixed to I), as 
before. I do 
not know ilmt 
cither of these 
methods is bet¬ 
ter than the other, except that, as it is bnpossiblo to cufc 
bevelled teeth to the right shape ns truly as flat ones, ihoro 
is probably rather loss friction in the intoi’mil 'wheel plan 
than in the other; but it is also tlio more expensive of tho 
two. 

But there is this objection to both of thorn, that ihu 
spikes strike the scape-wheel arbor 'with considerable forco, 
and even while they ai’e at rest press upon it pretty heavily, 
and therefore a larger force is required to drive the sca])C- 
wheel. The force of t^ie blow lias been somewliat dimi¬ 
nished in the Exchange dodc by putting a spring with a 
concave face for the spikes to slide up before they reach 
the 'aibor. ■ In the more reccait Ih'ench clocks, it is dono 
by making the train drive a fly, which moderates its velo¬ 
city j and in some of them tlie spikes are put on tho end 
of the fly, or an arm on the fly arbor, which is a very grofit 
improvement, as it also diminishes tho constant pressures 
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niid friction on the arbor of the scape-wheel, in the ratio of 
the velocity of the spikes when set on the second wheel to 
their velocity when set on the fty. They have also been 
niiulo to let off by a lever like a striking part, instead of by 
nicks in tho arbor; hut that method gives the scape-Avlieel 
more to do, and produces much greater friction. This 
ho^vev(5l■ would not signify whore there is a remoutoirc 
esoapoinent as well ns a remontoire in the train j and per¬ 
haps for a very largo clock with such an escapement this 
miglii bo found the best way of lettingioff the train romon- 
loire, since in that ease the prcssm'c or blow of the spikes 
is iininatci'ial, as it does not fall on tlio scapc-wlieel arbor. 

CONTINUOUS MOTION BEMONTOIEE. 

170. A very ingenious and curious application of the 
griudty rfjmontoii'C has lately been nuide by a T’rcnch clock- 
iniik(U‘, luiincd Wagner, for the purpose of obtaining a con¬ 
tinuous motion of tho hoiivypart of the train combined with 
the accuracy of n vibrating pend\ilum driven by a constant 
f(U‘cc. itnslead of tho remonloiro being let off at definite 
intervals by the seapc-’irheel, tho bevelled wheel D works a 
fly, by th(! intervention of iwo or three intermediate wlieels. 
This fly revolves horizontally below the clock frame, for a 
reason to be explained presently. If the fly alumys turned 
at a conslani and proper rate, it would evidently let tlio 
driving wlieol 1) turn one way just as much as the opposite 
wheel C turns tlie otlmr way, under the action of the esoape- 
mi>nt and the remontoire weight, in any given number of 
seconds; or, in other words, those two wheels between 
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them would always keep the remontoiro anti at the same 
Iieiglit. Now this arm is prolonged to a convmiicnt length, 
and from its end is hung, by two wires, a thing liicc a gong^ 
suspended liorizontally, and witli a hole in ih(i middle for 
the fly ai'bor to pass tlirough; and this gong, or bidl, is so 
placed, that when the remontoivo is at its medium lieight 
the bell about lialf covers llic fly, which turns ndlJiin it : 
if the remontoire falls below its medium lunght the bell 
■will evidently fall, and more completely oiioloso tln^ ily \ 
and the effect of this is tliat the air M'ithin the bell bec(ntu’.s 
rarer by the action of the fly, and consequently offoi’s less 
resistance to the fly, whicli will tlicrefore regain iis ])i'ope!r 
velocity; and of coui'so an incrensed velocity of tlio ily is 
identical ■with an increased velocity of llui train, wliich mm 
previously going too slowly to keep up M'itli llio reguhiv 
motion of the seapc-wlicol. And in like inannor, if Llio 
train and fly arc going too quickly, the boll is liCUid uj), 
and the fly more exposed to the externul iiir, whicdi ollevi* 
an increased resistance, and so again roslraius tlic V(jlo(‘ity. 

There is indeed, llceorelically, a )uuch niori^ aimj)lci way 
of combining a continuous motion of the train a 
vibrating pendulmn. Ifor if any point in a lionvy pj’.ndnliim 
is connected by a long horiKontal rod with ii cranl?, or a x)iii 
set on the face of a wheel, moving in Uio saino piano uh (lin 
pendulum, and the pendulum is made to swing just so far 
as to let the crank turn round in ono double oacilliition, it 
may be easily proved that the natural velocity of tlu! givcui 
point in the pendidum is the same in every position as tlui 
velocity, in a horizontal direction, of the (uid of llio crunk, 
the crank itself revolving uniformly. Tlie practical di/li- 
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culty, however, is lo keep the pendiilmn always vibrating 
the same arc, wlicn there is a variable force acting on tlie 
crank, witlioiit which it would not answer. 

SPUING BEMONTOIUE. 

177. Instead of a weight acting on one of the wheels of 
the train, ns in any of the prt'ceding mctliods, a spring may 
be used lo communicate the force from the pinion of the 
scape-wheel, or • the wheel bclo^v it, to the wired itself. 
And a spring possesses these great advantages over a 
weight, that it requires no maintaining pow'or to keep it in 
action when winding up, os I explained in the case of a 
spring clock without a fusee (80), and that it acts without 
any friction, llioso advantagCB are so groat, that I have 
no doubt a spring remontoire may bo made bottei, and 
it may certainly bo made ohoapoi’, than any gravity one. 

There is a description of a spiral spring remontoire let 
off by nicks and spikes, as before described, in tlie Ency- 
cloptcdia Britannicn. And I have lately seen some small 
Pi'cnch clocks with a spring reinontoiro on the second 
'wheel, and I am told at Mr. T)enPa they go better than 
ordinary Pronch clocks without a fusee, which, however, is 
not saying much for ihom. The spring should, if possible, 
be put on tlie arbor of the scapc-wlicel instead of the 
second wheel, bcicause then it acts \ntliout any friction 
of the Hcapc-whcel pinion; in fact, the scape-whcel then 
has no pinion, properly speaking. 

But all tlie romontoircs of this kind tlmt I have seen or 
read descriptions of, are liable to the objection that either 
the wheel or its pinion ndcs upon the arbor of the other of 
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them, as in ilr. Air/s escapement (47), wliicli causes tlie 
•wheel lo turn with considerable friction j and from this and 
other causes, the spring remontoires that have been liitlierfco 
made, especially in turret clocks, do not appear to have 
given satisfaction. I shall therefore describe one 'wliich has 
been lately made, and in which the objection I have just 
no^v mentioned is removed, and some other advantages 
obtained, and which is perfectly easy to construct, and at a 
moderate expense. 



The large wheel in tliis drauing, which is tlic scscond or 
centre wheel (there being only three in the train) drives n 
pinion of 14,leaves, which rides on a stud or fixed arbor 
screwed into the clock frame) and the pinion is also j)ro- 
longed into a pipe large enough to enclose, without touch¬ 
ing, the brass bush, vdiich is fixed on the end of the stud 
to form a pivot-hole for the scape-wliecl arbor. On iliis 
pipe is fixed a spiral spring, (the mainspring of a moderate- 
sized musical box), of which the outer end takes hold of a 
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pill set on the back of the senpc-whcel. It is evident there¬ 
fore, tliat if tho pinion and pipe arc turned round or ■wound 
up from time to time, it 'will v'ind up tlie spring, and tlio 
scapo-wlnsel -will ho driven by the spring without any fric¬ 
tion at all, except that of its own pivots; and also that 
whenever the second wlieel is let go, it ivill so turn the 
pinmn and 'wdnd up the spring. 

Idle letting olf is not done in the same ivay as in the 
Exchange clock, hut the wlicel drives another pinion 
(marked 7) on an arbor which carries a flyj and this ily, 
(though not so exhibited in tlio drawing) may liave at its 
onda the spikes wliich arc to slip through tlio iiotohes in 
tho soapc-ivlicol arbor as before described. Now, as¬ 
suming tho scapo-whcol to turn in two minutes (wliich is 
moro couvoniont 1-han ono minulo for turret clocks) and tho 
I'omoiitoivo to bo let off every half miiiuto, tho lotting off 
would bo done by a foiiv-armed ily sot on a pinion of the 
samo number as the scape-wheel pinion, andfolu’ notches in 
tho seiipc-whcol arbor acting as tho three do In the Excluingo 
clock. But I have also made an alteration in this respect, 
for tho purpose of diminishing still further tlio pressure of 
the spikes on the scape^ivliccl arbor, and getting a larger 
motion of tho Ily in proportion to the same motion of the 
train, and conseiiuontly a slower motion of the train during 
its action. The scupo-wheel arbor conics through the frame 
and ends in a cylinder, of which the face lias two nicks cut 
across il., one broad and I incli deep, and tho other narrow 
and i inch deep^ and therefore if one end of the ily 
has a short mid broad pin properly placed, it can slip 
through tho broad nick only j and a long and tliiii pin 
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at the other end of the fly will slip through the narrow 
nick only, when the nicks respectively come into a posi¬ 
tion at right angles to the fly. In this V'ny tlie two¬ 
armed fly is allowed to turn half round at every quarter 
of a revolution of the scape-wheel; and as the fly ])iirion 
has seven pins while tlie other has fourteen, the reinoii- 
toire spring is wound a quarter round at every let off of 
the remontoire. Tlie second wheel, which drives tlicin 
both, tiu'ns in eighteen minutes, and consequently if tho 
spikes were set on it instead of on tho fly, their pres¬ 
sure on tlie scape-wheel arbor would be 8G times as great. 
I found this pressure amount to barely two ounces, u'itli 
a very heavy weight on the clock j and as it is mado to act 
upwards, it only relieves the pressuro of tho arbor and tlu! 
cylinder on the adjacent pivot-hole. 

The spikes or pius are not really set on tho end of tli<i 
fly, but on bent springs about tlu*ee inches long, in order 
to diminish the force of the blow on the soajic-wlieol arbor, 
and the too sudden stoppage of the train; and for the jnnv 
pose of doing the same thing more completely, and also 
stopping the recoil of the fly after tho hlo-w, tliorc is n Mo¬ 
tion spring set on tho frame, wliicli tlie fly lias to slide over 
just before it readies the cylinder; this of course diminislu’s 
its velocity or momentum when it is greatest, and also acl« 
as a click which the fly cannot pa.ss in recoiling. 

It remains to be explained how the adjustment of tho 
remontoire spiing is made, in case it is found to give too 
much or too little force to the scapo-wheel. The fly is not 
fixed to its arbor, but it has a dick that takes hold of i\ 
vatchett until ten or twelve teeth, fixed to the arbor in tlio 
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usual manner of the striking ily raicheti. Therefore wlieu 
you want to alter the tension of the spring you have only 
to lift the cliekj without stopping the clock, and shift, the 
latchclt as many divisions as may ho necessary, which will 
turn tlie scape-wheel pinion and spring just half as much 
as you t,urn the fly arbor, since tlie scape-^vhecl pinion has 
twice a.s many pins as the fly pinion. The ratchett is made 
with square teeth, which are also numbered, for greater 
safety of action and certainty in adjusting it. The spring 
must of course bo occashmally cleaned and oiled, to keep 
it from rusting, and ao should the pendulum spring. 

This is the construction of the cloolc represented in the 
frontispiece, \vlu(}li is just coinpdutod for the newly built 
church at Meanwood, near Leeds. It is of course loo soon 
ns yoL t,o give any nccount of its jiorforjnaiico as regards 
time-keeping, but its jnoohunical action is quite satisfactory; 
nud ns that is this only novedty in it, tluj pidncijdo of th(! 
spring I'omontoiro luiA’ing hoen tried for some time, I sen- 
no reason to doubt that it will be altogether successful. 
Tlie going weight required is nbimt half as much again 
as it ■would be if there were no remontoire, because all train 
remontoirus require additional weight to overcome tlie ad¬ 
ditional friction, and to wind uji the romontoire with¬ 
out any liesitation j but as jione of this additional force 
readies the escapement it is of no consequence, and you 
can put on weight enough to drive tlie, hands in all winithcrs 
witliout at all allcciing the awing of the pendulum; whereas 
ill a clock without a remontoire you ciumol put on weight 
cnongh to drive the hands in bad weather and when the oil 
is frozen, without making the pendulum swing too far ns 
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soon as it becomes warmex’. I Ixave seen the scmi-ain of 
tlie pendulum of a eliurch clock, and n very good one, vary 
nearly a degree between winter and auxnmcr. 

Another effect of tlxis remontoire is the remarkablo silcmc<^ 
of the boat, as compared \nt}i the Tavistock clock in wluoU 
the wheels are of the same sko, or xvith the Exchange chude 
ill wliich the momentum of several n'licels and the vc- 
montoire weight has to be stopped by the pallets at evi’.ry 
beat; whereas in this clock the only thing to bo slopped is 
the scape-wheelj which is less than four indies in diamotxn* 
and only moves 4^° at each beat. It is probable also Hint 
it follows the pallets more closely when moved by a spring 
than when nioved by gravity. This silence of course in¬ 
dicates that there is loss waste of force at eacli beat in u 
clock with a spring remontoire of this kind than citlior 
witiiout any remontoii'e or with a gravity remontoire. 

178. I have hitherto spoken oHhalioroloffieal advaulagos 
of a train roinontoire. But it has besides the economical 
advantage of superseding the necessity for highly fmishotl 
wheels in the lower jjart of tlio train, as it reduces tluxt 
part merely to a machine for driving the weight of tliu 
iiands and winding up the remoutoirCj instead of being a 
machine for transmitting to the pendulum as uuiforin a 
force as possible. And tlierefore I see no reason why ihn 
great wheel, lioin-wheel, and all tho leacling^olF or bev(!lU;<l 
xvlieels (of which sometimes as many as nine arc ncccssiU'y) 
sliould not he of cast iron instead of brass, which it seojim 
would almost cause their cost to be measured by sliilliu^n 
instead of pounds. If it luxd been certain boforolmnd 
that this new remontoire would answer, the Meanwootl 
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dock would liavG been so mnde. I know that tliere is a 
prejudice against cast iron clock wheels even in the striking' 
part. But people would easily see that this prejudice is 
unfounded if they would only remoraber that the striking 
])art of a clock is nothing but a machine for raising a heavy 
iuvmmer IGG times in a day, or rather in ten minutes, since 
it would strike 150 in about that time if allowed to go on ; 
that all you want is suflleicnt force to do this -without any 
unnecessary wear of materials j that (as I have shown) east 
iron clocks are now doing this work with considerably 
waste of power and therefore less wear of materials than 
ilie best brass clock probably in the world j and lastly tliat 
Buoli clocks can bo made much cheaper than brass ones 
equally good. And when the going part is also reduced, 
as ii is by a rcmoiitoire, to a more weight-raising maclnTio 
in which uniformity of force is of no consecjuoncc, there 
will lie no more necessity for brass wheels there than in the 
striking part. The only question was whether a reinon- 
toirc could itself bo made at a moderate expense; and it 
now appears that it cauj indeed I was led to turn my at¬ 
tention to the oontrivaneo of such a remoutoirc by a 
remark of Mr. Deni’s, that a good and cheap remoutoini 
Wiis essential i,o any further inaterial improvement in turret 
clucks, especially large ones; and it may be added that a 
good (that is, a secure) and cheap muintainiiig power or 
^ going-barrel’ apparatus was equally essential to the making 
of such large clocks except at an enormous increaso of their 
cost, and 1 think that difilculty has also been removed as 
described in § 159. 

179. I have spoken throughout of hass wheels j 



TURIIET CLOCKS. 


UQ 

mcamiig thereby either brass or gm-metal, which is a coiix- 
pound of copper and tin instead of copper and zinc, witli. 
a lower proportion of tin than in bell-metal. The pro¬ 
portions for the best guii-mctal are, I undcrstandjri'our 
OS-copper + 8 tin to 90 copper-|-10 tin; and snch metal in 
harder than the best hammered brass, and yet not too 
brittle for the teeth of wheels. It is however a dilfioiilfc 
metal both to make and to work : the castings, especially 
large ones, being often full of defects, consisting not only 
of holes, but of bard pieces which are as destructive to 
wheel-cutters as a cinder in a piece of bread is to hnniuii 
teeth j and it is in any state a very tough metal and olof^a 
the files, I am infoiined however by the best authority oix 
this subject, that these defects in tlie easting may bo pre¬ 
vented by not putting the tin to the coppoi’ at onco in ilm 
above proportions, but previously making an alloy of & 
copper-t-1 tin, which they call ‘'liard metaV which is 
the ‘‘highest’ compound the metals admit of without t.Uo 
excess of tin beginning to make the alloy softer again : to 
tliis alloy the fiu'tlier proportions of copper are afterwards 
added; and in order to obtain tlie greatest density oi* 
specific gravity which tho compound admits of, the castiiif^.s 
are always made with a long ‘dead-head’ .to product} con¬ 
siderable pressure on the fluid metal. I am told also that* 
adding n very small quantity of zinc, about 1 per cent., 
makes the metal both more fluid in the crucible and inorti 
compacjt when cold. Tlie specific gravity of metal cast in 
this way at Woolwich has been known to be as high iia 
9, and is generally about 8'75, while that of brass is only 
8’37 (according to tho ‘ data’ in Weale’s Dictionary). 



GUN-METAL. 


M.7 


180. I iliiuk it is also worth the consideration of clock- 
makcrs whetlier they could not get more true and sound 
castings; either of brass or giin-inotalj and such as would 
suffer less waste and require less labour in squaring out and 
turning up; by having cast-iron moulds made for the sizes 
of wheels they are in the liabit of using. Large castings, 
oven ill brass, are often defective for as much as -j'^th of an 
inch deep ] and I understand n very sharp and clear cast¬ 
ing can be obtained from n lieatcd iron mould instead of a 
ilaiu]) sand one, since it docs not chill the metal too soon 
but lets it run into the smallest corners. The part of the 
mould between the spokes would have to be made separate 
mid bevelled a little, so ns to lift up, and let the wheel 
contract in cooling, or it would probably break itself j and 
the mould should not bo an open one, but close, and witli 
a Inngish pipe to it, by way of a 'dead head,* to produce 
pressure upon the metal, as the effective part of bells, viz., 
the inoutli, lies at the bottom of tho mould. These how¬ 
ever arc only suggestions, which some person better versed 
in the art of brnssfoumling may porliaps reduce into a more 
practioal sbiipo. Tho necessity of some improvement in 
tins art ivill bo evident when I state that three brass cast¬ 
ings wore made for the great striking wheel of tho Tavisioclc 
cloclc before one was obtained sound enough even to cut 
for the inoddj and more, I believe, for the great u'hcels of 
the hlxchiinge clock, which are of gun-metal, as those of 
tho ‘Tarliaincniary clook ore required to bo, in my opinion 
very uimecessiirily'as regards all but the escapement pari of 
it, in such a largo clock: I mean of c'ourso that they should 
bo of iron. Tliis dilUculty of getting really good gim-motal 
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casting9_, hard enough to be any better than brass, causes 
some clockmakers to prefer well-lminmered brass to such 
gun-metal as they can be sm'e of obtaining from the foun¬ 
ders. At any rate liowever the bushes, which arc too 
thick to be hardened tliroughout by hammering, and in 
wliich brittleness does not signify, ought to bo made of 
gun-raetalj but it should be free from Imrd bits, which 
would probably cut the arbors. It must not be forgotten, 
moreover, that gun-metal is more expensive than brass, both 
in the making and the working. 

181. Lastly, all the iron work, whether cast or wrought, 
and whether visible or invisible, except just the acting sur¬ 
faces, ought to be painted. Polishing it does no good, costs 
money, and requh-es continual cleaning and oiling to keep 
it from rusting. This rule has been followed ilirougliout 
in the Mcanwood clock, though it is one in which, ns tlio 
reader 1ms seen, no expense was spared that was thought 
likely to produce any nsehil effect. 

And Muth regard to this rather important matter of 
oiling, fresh oil ought never to be put on, especially on the 
escapement, without thoroughly mpijig the old oil oIT. I 
have had to take out a scape-wheel and wash it urith soda to 
get off the accumulations of oil with whioli an attentivo 
sexton had lubricated it in the course of two or three yenra. 
The pivots should have clean oil Avlienover they appear to 
be dryj but the pinions should ouly be wiped with an oily 
cloth, and not have oil dropped on to them, as is the com¬ 
mon practice j and this applies to house clocks as well ns 
church clocks. As far as my experience goes, I think no 
oil equal upon the whole to some wlxicli was recommondotl 



to me at Mv. Dent’s for the purpose of preserving steel 
surfaces from rusting: it is neat’s foot oilj well-stirrccl 
about in water, skimmed oif and liltercd once or more 
through blotting paper until it is (luitc clear. Tliough it 
is the most lilthy looking stuff at first, it produces at last 
an oil more fluid tliaii the best sweet oil, and which has 
the important advantage of never frecizing, nor forming a 
brown cake on iron, as the vegetable oils doj I should 
think, therefore, it is peculiarly suitable for church clocks: 
indeed I have applied it to a house regulator for some 
lime, and, as far ns I can judge, with very good effect. 

18&. The pulleys for church clocks require more atten¬ 
tion tlian they frequently receive, especially as the fixed 
pulleys are often put high up in the tower, where the 
oiling of them is neglcoLcd. Dvery pulley ougiit to be ns 
largo in diameter as it conveniently oan l)e made, for the 
obvious reason, that the larger it is the slower it has to 
turn. I should say that no pulley for a modcrato sized 
clock ought to be loss than nine inches diameter, nor less 
tliaTi twelve inclics for a largo clock Avifh heavy v'eights. 
Another point, which is of perhaps even more importance, 
is, that tlio pivots, or arbor, should bo fixed into the. 
pulley, and not a pin put tlirougli a hole in i.ho pulley, jih 
the common pulleys for raising weights arc made, in whicli, 
for various reasons tliat I need not specify, it is of less 
consequence than in clocks. Tor when the pin goes 
llirough a hole in the pullejq it requires to bo much thicker 
than pivots turning in bushes sot in the frame, in order to 
obtain the same .strcngtli; and therefore iho friction in 
greater, and the ^vcight required to drive the clock greater. 
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and (lu! w'cw of ilic pin and the hole in. the pulley greatei' 
lliim it iicotl ho, SccoiulljL the effects of this wearing arc 
miioh more inisehievous; for pivots always pressing in one 
(rn'(?elion only weiu’ a hole largci' in one direction^ or mahe 
it loiigor, and it will therefore work in it with no more 
ri'i(!tioii at last than at first j whereas when the hole m a 
riding ])nUoy is worn bigger, the friction is increased na 
iiiueli UH if the pin had been originally made so ranch 
larger j and indeed more, because the bearing surface of 
till! pill is narrower than if it were as large as the hole, 
haistlyj a lixed arbor, with brasa bushes aerowed into the 
])itU(!y frame, keopa tho pulley much steadievj n’ld with 
more {aiual heaving on both sides, than a pin. Pulleys 
miuhi an X have clesorihcd of oouvse cost rather more than 
Lhoso nradt) in tho common way, but they are very well 
woi'th tho additiomd expense. 

1H3, Thevo iiro two or three other matters which should 

bo attended to in putting ui) church clocks. One is to 
oneUiHO ihoin in r wooden box that locks up, leaving the 
winding sipimroa open, so that the clock can be wound with¬ 
out unlocking tlio ease, and so that nobody but the person 
who has the eare of tlie clock can get at the works. Tho 
pendulum should also be enclosed all the way up. 
is essential to tho keeping of a clock in good order that 
the place where it stands should be light: if h is 
UgUt already, it should liave a udndow put in before tho 
clock is put upi and if the architecture wiU not allow it 
anywhevo else, the middle of tho dial may be, and often la 
witli good effect, made a window. TVhen the clock is a 
good one, worth looking at, it is a good plan to have some 
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jjitiall panes of plalo glass put in llie doors of tlio box or 
cascj so as to show iho escapement and the regulating dial, 
wliich, if the clock stands in. the belfry, will servo also for 
a dial for the ringers. If the bottom of the ponduliun 
conics in a convenient place, it is as well to put a piece of 
glass to show tlio degree plate, so that anybody can see 
how far the pcndnluni is swinging. All these little things 
tend, to moke people careful of their clock when they liavu 
got a good one. Mr. Vullinmy mentions several public 
clocks in Piuds wliick ai ‘0 AUed up witli glass, so that they 
can bo completely scon without opening them; and the 
same tiling has lately been done at the Exchange clock, 
and is contemplated by the astronomer royal for the Par- 
liainontui'y clock. 

ISdj. Not long ago, I heard that tlic weight of a church 
clock in London had broken the rope and fallen (ns a 
weight of several cwt. easily would do) llirough the belfry 
floor and the pavement of tlio cluiroh into the vaults below. 
Q'liis accident, which is not very uncommon, is most likely 
to arise from the sudden stoppugo of the weight when it is 
U'ound up until the scxlon feels ho can wind no fartlier; 
and witli the view of stopping him. in time, a string may be 
put to each weight and. over a simdl pulley at the top, and 
tlio other end, with a little iroight attached lo it, made 
to conic dmvn close by the place where iho clock is wound 
up; so that when the great weight is up, the little weight is 
down, and the man will know that it is time to stop wind¬ 
ing. This is like the weight put to an organ to sliow the 
blower when iho belloM's arc full. Wiioro the weights come 
dowji on to a floor over the heads of people in the church, 
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it is prudent to put a large box filled with wool or saM'duat 
on the flooi’j wliere they would fall 5 the wool or sawdust 
need not be left open, but should ])c covered up with 
boards, which will only break first if a weight falls. 

TPIE GREAT CLOCK EOR THE NEW PALACE 
AT WESTMINSTER. 

185. I have no doubt that it will bo interesting both to 
clockmakei’s and to other persons to know what has liikiui 
place up to this time with regard to wlint may be callotl 
the National Clock, botli on account of the building on 
which it is to be placed, and because it is inloiulod to bci 
the best and lai'gest public clock in England, and in the 
world. 

Six years ago, viz. in March, 1844, Mr. Barr}^, tluv 
architect of the new Houses-of Parliament, wrote* to Mr. 
Vulliamy, to ask if he would furnisli him with a plan for tlic 
clock j and as he could not undertake that Mr. Vulliamy 
should be employed to make it, ho inquired upon wluit 
terms he would fipniish the plans, Arst, in tho event of his 
being employed to make the clock, and secondly, of his not 
being employed. Mr. Vulliamy, in reply, proposed tliat, if 
employed, he should be paid 100 gumeas for tlio spooi/iea'- 
tion, calculations, working and other drawings; and if not 
employed, an additional 100 guhicas for his time aiul 
trouble. 

^ I may as well state that I shall follo^y tlic words of the corre* 
spoiideiice as nearly as I can eonyeoieiilly, and without perplexing 
the reader, printer, and myself, conlinnnl quotation marks, and 
iuteri'nptions of tliem. 
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Shortly nCierwards Mr. Barry wrote to the Board of 
Woods and Forests, saying that, owing to the progress 
jiiiiking with the clock-tourer, it was desirable to have the 
necessary specifications, working drawings, and estimates 
prejjared; aiid that he had therefore aj^pUed to Mr. Vnllianiy 
as, in his opinion, the person best qualified to make out snch 
specification, working drawings, and estimates; and he for¬ 
warded the two preceding letters, and recommended that 
ifr. Yul!iam/s oiTcr be accepted. In a few days he re¬ 
ceived an answer from the Board conveying to him the 
rc(pusito authority to engage Mr. Yulliamy upon the service, 
tnid upon the terms named in Mr. Barry’s letter. Tliis was 
of oonrso cominunicatod to Mr. V., who replied that ho 
should proceed without delay to prepare the plan of the 
clock for Mr. Barry’s inspection. 

In January, ISdiS, however, Mr. Yulliamy wrote to 
Mr. Barry, to say that ho had just observed a mistake 
in the letter from the Olhco of Woods and Forests, vi'/,., 
that though Mr. Y. had said nothing about an estimate, 
the Board liad incidentally introduced the word, no doubt 
i\s n mixttor of course; and that to make an estimate would, 
until it is definitely settled how the clock is to be made, bo 
quite useless; and would bo a work of great labour, occu¬ 
pying much time, and not contemplated either by himself 
or Mr. Barry; and that ho thought it light without delay 
to notice tlio circumstance, lest it should give rise to any 
misunderstanding afterwards. 

'i’o tliis loUiu' tlioro appears to have been iio answer from 
■Mr. Barry, or notice of it by the Board, except so far as the 
.subsequent Iclter of Mr. Barry, of July, 1846, is an answer. 



254 


GREAT WESTMINSTER CLOCK. 


Li November^ 1845^ Mr. Dent Avrolo lo the Board; to 
say that he was desirous of being admitted as a candidafo 
for supplying the large clock, and such others as might ho 
requii'ed for the new Houses of Parliament; and by way of 
recommendation he referred among other tilings to the tes¬ 
timonials of the astronomer royal and ,ifr. G. Bonnie, ri‘- 
specting the Exchange clock, and proposed to obtain tlio 
sanction of the Board for erecting the new clock, subject to 
the approbation of the astronomer royal, with Iilr. !Barry, 
and Sir John or Mr. George Eeimie, as referees, 'i'lio 
Commissioners answered that when ilio drawings and apcci- 
floations for constructing the groat clock were completed 
and could be submitted to the aovornl clockmakcrs who 
might ho applied to, as the basis upon which their toiidera 
were to be founded, the Board would include him ns one of 
the competitors, for making that as well as any other clocks 
that may be submitted to competition. 

To tliis Mr. Dent replied, that if adherence to draw¬ 
ings and specifications to be prepai’ed by another clockmukor 
wei’e to be stiingent on him, he must decline to become a 
candidate j that he should feel it a duty to comply with any 
suggestions from the astronomer royal, but could nut 
engage to act under tlie directions of authority less emi¬ 
nent, or to follow instructions, which by degrading him to 
the position of a mere executive mechanic, would prove tlo- 
triraeutal to liis reputation. 

Apparently in consequence of this letter, though after 
an interval of some months, Lord Canning wrote to Mr. 
Airy, to ask liis opinion, as it was of importance that tho 
clock should be t/ie very best that the science and shill of the 
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Country can siqijUy, wlietlier tlie best means of obtaining 
S\ich a dock wonlcl be to call upon sonic of the most emi- 
^Lent clockniakers to send in specifications, drawings, and 
estimates, of tlie dock which each would recommend and 
^vould be prepared to make 5 or whether it would be better 
to iilaco the matter in the hands of some one experienced 
itiechanician, and to adopt the descrijption of clock whidi 
lie might recommend, leaving the execution of it open to 
tcmler j and lie requested the aatroiioincr royal to send him 
tho nam(!3 of the persona or person ho would recommend 
for the service in either case. 

Mr. Airy replied that a nearly similar question wns ad¬ 
dressed to him in 1843 by tho Gresham Gominittco with 
tespoct to the Kxdiangc clock, and that lio then replied 
that certain conditiona ought to bo laid down, which ho 
ivould funiisb, and that the clockinakera’ plans sliould also 
bo submitted to him for his opinion, and that the Commit¬ 
tee should refer to him for a cortillcalo at tho completion of 
the work \ that tiioso couditioiw ivcro adopted by that 
Committee; and ihat tlic result is that a clock has Imcn 
put uji, ivhicli is superior oven to most astroiioinical clooka, 
and possesses these rare advaiitnges, tliat tho first stroke of 
eacli hour is correct as to timo within less than one second, 
and that a person standing on Uio pavement can take time 
from the face without an error of a second. Mr. Airy 
theroforo lu'oposcd tlmt a similar course should, bo Mowed 
here. Ho says that he suggested to tho Oresham Conmiil. 
Ice tho names of Mr. YuUinmy and Mr. ’Whitehurst; but, 
iy aYTangenicnk with whioh he was nob acquainted, the work 
was placed in tho hands of Mr. Dent, chronometcr-maker 
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(*. e> before tliat lime not a turret-cloclc maker); and lie 
was bound to say that Mr. Dent had carric3d out liis views 
most completely, making in the mechanical iirrangcments 
wliicli he (j\Ir. Aiiy) liad suggested soiiio judicious nllerti- 
tious, which received his entire approval Under all lliu 
circumstances, considering that anew clock pvot{mding to ii 
degree of accuracy equal or supenor to thai^ of tlie i'lx- 
change, must probably contain somo of Mr. Dimt^s invcui- 
tionsj and would at any rale be improved by liis ox])m'ieneo, 
that the trust is, so to speak, confidential, and iluit iluM'o 
is no such tiling as a market for such clocks—!Mr. jVivy 
thought it would probably be the best course to Iransiiiit 
proposals (including his enclosed couditiona) to Mr. Dojit, 
and to ask for his tender j and if his price should not 
be excessive, that he sliould bo employed \ if it iviipcanitl 
objectionable, other makers sliould bo aiiplied to; hut his 
thought only the two he had named. 

Tile Board did not however adopt Mr. Airy's roconi- 
meudalion to apply in the first instance to Mr. Dent; but 
Mr. Barry a few days afterwards, in July, ISdO,’^' u-rolo to 
Mr. Vulliamy to inform him that the Board had deler- 
mined to invite the tender of j)lans and spooifications from 
different quarters for the clock j to ho based upon Ihc (‘ii- 
closed general conditions prescribed by the astrononuu’ 
royal, who (Mr. Barry stated) had recommended that ap¬ 
plication should he made to Mr. Dent mul Mr. Whiteliiu'Bt 
as well as to Mr, Yulliamy, Ho also informed Mr. Y. 
that if he should have acquired any information which 

* It may be obsoived that jnst at Ihia lime Lord Caimiiig re¬ 
signed, and was succeeded by the preaonl Lord Carlislo. 
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might lead him to suggest a departure from the enclosed 
conditions he was at liljcriy to do so in sending in his 
plana. And further that tlie Board considered it conve¬ 
nient that he should sul)mit the estimated cost of supplying 
and completing the clock in all respects according to the 
conditions. 

186. The following are !Mi’. Airy’s 'Conditions to be 
observed in regard to the consiructioir of the clock. 

'1. Tlic clock frame is to be cast-iroU; and of ample 
strength. Its parts are to be firmly bolted together j where 
thoro are broad bearing surfaces, these sui’facos arc to be 
jihvnod. 

‘2. The wheels are to bo of hard boll-[gun-] metal, with 
stool spindles working in boll-inotal bennngs, and propei 
holes for oiling tho bearings.* The teeth of the wheola are 
to bo out to form on the opicyoloidal piinciplo; [nothing is 
said about the pinions, of nlmt shape or material they are 
to ho.] 

'S. ’Jlie wheels are to be so an-anged that any one can 
be taken out without disturbing tho others. 

' 4. 'i'he pallets are to he jewelled. 

*■ 5. The escapement is to bo dead-beat, or something 
equally accurate, the recoil escapement being expressly 
excluded. 

' 0. ’The pendulum is to bo compciiBatcd. 

* This is a inislnke: suoh holes nro inmcccssary and mischievons, 
as they v’ill hit in (Inst, wliioli will do more linrm to the pivots than 
want of oil would, uiid olook pivots can ho oiled perfectly well without 
lioles. Tu luiavy nmoliiuery going with cousidorablo speed, and rc- 
([uirlng a great deal of oil, tho case is di/l'eront. 
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‘1. The train is to have a rcmontoii'e action, so con¬ 
structed as not to interfere witli the dead beat principle of 
tlie escapement. 

^ 8. The clock is to have a going fusee [barrel. No 
particular kind of going barrel is hero specified, but it 
appears from the subsequent papei^ that one similar to 
that in the Exchange clock is intended.] 

‘ 9, It vid be considei’ed an advantage if the external 
minute-hand has a discernible motion at certain dcllnito 
intervals of time. 

' 10. A spring apparatus is to be attached, for accoU;- 
rating the pendulum at pleasure 'during a few vibrnf-ions; 
[this will bo explained presently.] 

'11, The striking machinery is to be so arranged that 
the fli'st blow for each hour slinll be accurate to a second 
of time. 

' 12, and 18, [relate only to a possible electrical con¬ 
nexion with the Greenwich Observatory for the purjioso of 
making the clock report its own behavioui’ to tho astrono¬ 
mer royal.] 

'14‘. Tlie plans before commencing the work, and the 
work when completed, are to be subjected to tho approval 
of the astronomer royal. 

'15. In regard to articles 5 to 11, the maker is re¬ 
commended to study the Exchange clook,^ 

188. An explanation will probably he required of tlio 
apparatus referred to in the tenth of these conditions. It 
is evident that a clock with a two seconds pendulum ominot 
be altered by any less amount than two seconds, without 
handling the pendulum in a manner wliicli is both difficult 
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jiiid unsafe with a heavy pcnduliun. Mr. Airy therefore 
contrived for the Exchange clock, an apparatus which 
enables it to be act to any fraction of a second. It con¬ 
sists of a long spring set upright upon a frame which slides 
under the pendulum bob, and is so arranged that by 
pulling n string in the clock room the frame can be brought 
into such a position that tlio spring hits the pendulum at 
every swijig in one direction, nduch accelerates its vibration 
a little. Therefore, if the clo(;k is a few seconds too slow, 
the man merely pulls up the string, and holds it till ho 
observes the second-hand and the beat of the clock agree 
exactly witli that of the oliroiiomeler in Ins hand. If it is 
a few seconds (not an oven number) loo fast, it is Ih'st put 
bade ono beut^too muob, and then acccloTalocl to make it right, 
I may observe here, tiiat a clock should never bo altered 
by taking liold of the poiiduhim anywhere but at the bob j 
and indeed it is better not to meddle with the pondulnm at 
all, but to put the clock back by holding the scape-^vhcol 
carefully for as many beats ns may be necessary, if it is too 
fast j and if it is loo slow, by first putting the hour wheels 
forward by tlicir adjusting work (IDO) and tlicn sto])ping 
ilio seapc-wlicclj and you may put the scapo-whecl back tho 
time of two beats in ono, if instead of merely holding it 
steady you malco it escape tho wrong way. In regulators, 
which always have a sccond-liaud, the host way of retard¬ 
ing tho clock a few seconds is to put your fmger lirmly on 
the -seconds dial, just before tho hand when it is dcady so a-s 
to slop it for tho proper nurabor of seconds. If it is less 
than a minute too slew, you must first put the miuutc-lmnd 
forward a miiiuio, and then stop the second-hand. 



260 


GUEAT WESTMINSTER CLOCK. 


188. At this point the Westminster clock correspond¬ 
ence begins to assume ratlier more of personal than of lioro- 
logical interest, of wMcli however I shall divest it as far ns 
possible. But it is necessary to the understanding of tire 
matter to state that Mr. VuUiainy answered Mr. Barry’s 
letter, enclosing these conditions, by declining to enter 
into a competition, cliiefly on the ground that he objected 
to the astronomer royal as sole referee, because he con¬ 
sidered other individuals as well, if not better qualified to 
offer aA opinion on the subject; and secondly, because Mr. 
Airy had sho^vD. himself prejudiced in favour of Mr. Dent, 
by having publicly stated, through the Gresham Oominitteo, 
tlmt he ^ had no doubt the Exchange clock was tho best 
publio clock in the world;’ and in a subsequent letter of 
March, 1847, to the same effect, he refers also to n letter 
of Mr. Airy’s to Mr, Dent, saying, ‘ I shall state without 
hesitation that I consider you the jnost proper person to 
be entrusted nuth the construction of another clock of simi¬ 
lar pretensions.’ On which it is obvious to remark, that 
whether the recommendation of a man to make a second 
piece of macliinery, because he had abeady made one of tho 
same kind to the satisfaction of his employers or their 
referee (who had not recommended him) is what is com¬ 
monly understood by the word ^prejudice,’ or not, Mr. 
Dent had got no benefit from Mr. Airy’s recommendation 
timt he should be employed, because tho Board did not 
adopt it; and he thenceforth stood in exactly the same 
position as Mr. Yulliamy and Mr. Wliiteliurst. 

In the following montlL Mr. VuUiamy sent to the 
Board, through Mr. Barry, his drawings and specifications; 
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adding, however, that he had not prepared any estimate, 
for tlio reasons stated in his previous letter on that subject, 
and for tlie further reason lliat it would bo useless, since 
he had declined to make the clock under the direction of 
the astronomer royal; and eoncladed by thanking Mr. 
.Ilari'y for the very honourable and friendly manner in which 
ho had been treated by him tliroughout the business. 

ilr. Vulliainy also, at tlio same time, availed himself 
of Mr. Bnrry^a invitation to olTcr sucli suggestions as oc¬ 
curred to him for depniiing from any of Mr. Airy^s con- 
diiiuns, and suggested a departure from no less than half 
of Ihoni; and, in fact, did not assent to one of them which 
was not in accordance with his own previous praotieo. Mr. 
Vidliamy’s des(5i'iption of his own pliin.s occupies 2-7 folio 
pag{)3; and therefore, thongli U\oy might bo iutorcsting to 
olockmakors, it is impossible to make any use of thorn hero, 
or, 1. may add, of the other 8j)eeilicatioas, descriptions, fee., 
on account of their lengtli. Mr. Airy^s opinion of them 
all I shall hav(5 to state i)rc.sonlly. 

Thoi'o was some farther corrcspoiulonco about a card¬ 
board model, which Afr. Dent oflcrod to furnish by way of 
illustrating his plans, but which Mr. Vnlliainy rightly said 
was only throwing away lime und money. In the letter in 
whicdi he declined to furnish such a model, he repeated his 
objections to Mr. Airy, and added, that in several public 
eases oJ' rnf{}rencc of liorologicnl imoniions tho reference 
was not to an individual but to a committee. Instead of 
the card-board model, Mr. Viillinmy infounod the Board 
that h(5 was then making for Mr. l?oto a quarter clock of 
rather more than ono fourth of tho size of tho great clock, 
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and that lie was piu'posely making it as like the great clock 
as was practicable. I have myself seen this clock since it 
was finished, and it is a very handsome and well-executed 
piece of maclmiery; and in like manner the Exchange clock 
might he loolced upon as Mr. Eent^s model, though not 
intended to he exactly followed. 

Yarious communications took place between Mr. Airy, 
and Mr. Whitehurst and Mr. Dent, respecting the details of 
the clock, and finally they both sent in their tenders, draw¬ 
ings, &c., whicli were, together with Mr. Yulliamy’s plans 
and observations, submitted to Mr. Airy; and ho also went 
to mako a personal inspection of Mr. Dent and Mr, White- 
liui’at^s factories, and in May, 184 j 7, reported to the Board 
to the following effect, Thai, as regards their factories and 
tools, oitlior of them, with some assistance from an engineer’s 
establishment for the large fi’amo and the groat wheels, is 
competent to undertake the u'orlc. That Mr. Bout’s expe¬ 
rience, previously to his commencing the manufacture of 
tm'ret clocks when he undertook that of the Exchange, had 
been cliiefly in astronomical clocks and chronometers, in 
wliich he had been compelled to pay the utmost attention 
to the excellency of fine workmanship and to secure great 
accuracy of results; and that since ho commenced the 
manufacture of turret clocks he appears to have entered in 
an enterprising manner into that business, examining tho 
construction of foreign clocks of celebrity/ and making 
himself acquainted with the literature of the subject. That 
Mr. Wliilelmrst has had very considerable experience in 
the manufacture of turret clocks, and is enthusiastically 
fond of clockmnking; but he has seen none but Englisli 
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clocks, and those principally in a limited district. That if 
it were necessary to entrust the making of the clock ■with¬ 
out any control to one or other of them he should prefer 
Mr. Jdont; because ho thinks it easier for him to acquire 
Jfr. 'Wliitclmrat^s solidity fQinn for Mr. 'Whitehiu'st to 
acquire Mr. Dent’s accuracy; but that under the most 
trifling control, either of tliein will certainly construct the 
clock in a jierfecily satisfactory way. Lastly, ho notices 
iho two estimates, 'whioh wtwe, Wliilohurst, £8873; Dent, 
£1000. He says that it is out of his po-\ver to explain the 
astonishing didbrcnco between them. It is not of much 
consoquonco to the public what the explanation is j but 
Mr. Airy suggests, first, that Mr. Dent may really bo able 
to do the work at less cost to himself than Mr. ‘Whitohui’at 
(I suppose from his previous experience in the Exchange 
clook); and secondly, that he may he willing to construct 
tho clock, even at a loss to himself, for the sake of the 
reputation -which he hopes to acquire by the making of 
such u clock, while Mr. "WlntchursO has made his cstimato 
at what is called a paying price. Mr. Airy (naturally 
enough after what had occurred bcfoi’o) declined to olTor 
any further suggestion as to which of the tw'o candidates 
should he employed. 

lEo added in a separate letter some remarks upon JCr. 
Yullimny’s plans and papers, ns they had boon submitted to 
him liy tho Hoard until the others, although he considered 
it impossible that Mr. V. could ho employed to make tho 
oloclc, as ho refused to coinply with the proposed coiiditions. 
lie aays that in regard to the provisions for strength, soli¬ 
dity, power, and general largeness of dimensions, the plans 
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are excellent; but that in ddicacy they fail, and fail so 
much that he considers that such a clock (except of course 
ns to its aiae) would be a village clock of very superior cha¬ 
racter, hut would not have the accuracy of an astroiioinical 
clock. The meaning of which is, that tlioro arc no provi¬ 
sions in the clock proposed by Vulliamy for seciu'ing greater 
accuracy of going, striking, or indicating the time, than in 
a village clock of the ordinary construction but of superior 
workrannsliip. With regard to the personal objections to 
himself, Sir. Airy says that Mr. Yulliumy's demand for n 
committee is not borne out by the instances ho had cited; 
because in all those cases the question was about the intro¬ 
duction of principles, wliichif established u'cro to bo applied 
to an infinite number of instances j whereas liore there is 7io 
new principle: tlie instance is unique: its cfToots arc only 
those of tho display of a good specimen of the ])resRnt state 
of the art i that (besides the similar case of the Exchange 
clock) Mr. Airy is often requested by persons in want of 
chronometers to recommend makers of them; and, finally, 
that Mr. Wliitehurst, a hon6. fuU competitor, had made no 
objection to him as referree; in fact, he acknowledges 
in his letters to the Board, that lie had received valuable 
information from tlie astronomer royal. 

Since this report upon the plans in May, 18^17, nothing 
more has been done about the matter, except that on the 
Board being reminded of their letter to Mr. Bent, Mr. 
Barry was stopped from ordering any more of tlio smaller 
clocks of his owu authority, as he had done for the House 
of Lords. 

Many other remarks on the personal questions that have 
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lieen very imncccssarily introduced will have ocoin'red to 
the renders of the correspondence, or even of this absi-racl 
■'of it; but as they are of no imporfciinco to the scieiioc 
of horology, .1. shall leave the render to iHi'ilcc them for him¬ 
self. J. will only mh!, for the iuformniion of those who 
have no other means of kiiorviiig it, that none of the 
gentlemen proposed by Mr. YuUinniy as referees have 
given, to the publics at least, any reason for believing that 
they have jiaid any parliculor attention to the subject of 
clookjnnkingj which, as to all the most important parts of a 
clock, is a perfectly different tiling from engineering. Ami 
though I do not agree with the astronomer royal as to some 
of the details of the plans suggested or approved by him, 1 
have no hesitation in saying that, imlr.ss his 'gonornl coiidi- 
iioiKs’ are substantially followed, tlic clock M'ill not bo what 
it onglit to be, and wlmt both the ifirst liordsof Iho Woods 
find Forests have declared that it was intended to bo. .In¬ 
deed, unless it is so mmle, it will bo n mere waste of rnonoy 
to make it at all, as there arc plenty of olooks in that ncigh- 
hourhood fur all the ordinary purposes of public clocks, 
though they are of no use for the oxtraordinary purposes 
for u'hich tliis clock is intended, uud is really wanted, and 
'uiiich'it will answer if properly mude, but not otherw'ise. 

It ivS satisfactory to bo, able to add that, if it is really to lie 
ever made, and made properly, there ^vill bo no reason 
to ritgrct the delay that has taken places, bccauBO in ilie 
mean times aomes experience has Ixscn gained which will 
enable a bcslten' clock to bo constrncUsd than that coii- 
't(Omplat<sd in the plana whioh were soLllcd three years ago, 
and at ejuilc as littlo expense. 
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189. The gratification of the curiosity of the rcjaders of 
this book on the subject of the Westminster clock was not 
the only object of giring this liistory of it. I wish also to 
])oint out to individuals and public bodies who want to pro¬ 
cure really good turret clocks a few things which they 
ought to attend to, but hardly ever do. Of course, very 
few such clocks as the Westminster or the Exchange clock 
arc wanted j but as much as tluce or four hundred pounds 
is sometimes spent upon a clock for a largo town, which is, 
after all, not equal to the cheapest ^regulator,'' which may 
be bought for 25 guineas. Instead of spending a largo 
sum of money upon such a clock, if not tlio best than can 
bo made, it would be in every way better to get a largo 
and strong clock for half the money, and a pretty good 
regulator with it, and make the clockmalccr who has Iho 
Care of it set it by tlie regulator every day if need be j or 
what would be still better and cheaper, a dipleidoscope 
(9), by which the clock can bo corrected independently 
every day when the sun slunes nt noon. The truth is, that 
what the astronomer royal said of tlic gi'eat clock, may bo 
said with nearly the same truth of clocks vei’y far short of 
that in accuracy—^ there is no market for such clocks.* 
Plenty of olockmakers will contract for them and mtiko 
them, no doubt faii’ly mid honestiy enough as regards 
the quantity of labour expended on them; but very few in¬ 
deed,—so little demand is thrae for such things,—really 
know all the particulars on wliich labour is worth expending, 
and on wliich it is not. 
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There is a very sensible remark in one of Mr.Tiillimny's 
leiters(wluc]iit'wasimiiccessary to refer to for any other pur¬ 
pose) to the clTeet that a great deal of supcriluons woiOc is often 
expended in polishing parts of the clock which have nothing 
to do, as indeed I have already noticed in § 181. But it 
requires some Ijoldness in a clockraakcr to omit these 
things, for nine people out of ten who go to look at 
a clock judge of its goodness merely by its linisli (wliich in 
smnll 'work, especially u’atches, is generally not a bad test, 
by a sort of ct)nvoniion among the malccrs); and even the 
tenth j)ei'8on, though ho may be aware that the going of a 
clock does not depend on tlio laoquoring of the brass or tho 
polishing of tho iroinvork, docs not know wlmt it really does 
de])en(l upon, How many people, for instancy, Icnow 
wliofchor ft soupe-whocl ought to bo light or heavy— 
wliothor the keth ought to fall very near the corner of the 
pallets, or a good way up on the dead part—whether 
ft jmiutuluni is hotter fixed close behind tlic pallet-arbor, or 
on «oin(3 convenient part of tlio wall at tho side of the 
clock—v’liy smne clocks will go very well with sliorfc pen¬ 
dulums, and others go much worse vitli long and heavy 
ones—•whcLhei' cast iron cams on the great striking wheel 
cause more or less friction, and more or less waste of i)owor 
than polished steel pins on the great wheel or on tho second 
wliool—and why in one caso cast iron wheels will act with 
less friction than cut brass wheels in the otlicr case—and 
so forth ? 

Thoro can bo little doubt therefore that for obtaining 
ft really good public clock, such as most large towns have 

paid for, ndiethor they possess it or nof, the only safe way 

N 2 
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is to go to some one, or at the most some tliroo or four 
makers of the first reputation, and adopt the clock wliicfii 
is proposed by the one whom you ultimately select, (“itlicr 
\Yith reference to tlieir price or olhei* considerations. Of 
course the more ordiimy the clock is required to hi‘, the 
larger will be the number of persons competent to iniike it. 
And where tenders are obtained, from any but sncli a sidcc.t 
number of makers as I have just now supposed, it is es]>i'-- 
cially necessary that the advice of some compeleiiL ]ici'.soii 
should be obtained either ns to the conditions to be oh* 
served, or as to the character of tlic clocks nsunlly niu(l<; 
by the persons proposed to be employed, as thevo is tilwiiyu 
a strong family resemblance between the clocks of the siiino: 
maker. 

190. With regard ho\vever to testimonials )'Osj)(5ctiiif< 
clocks I must caution churchwardens and others to whom 
they are sent, that they am (like all other tcstimniiiuls 
nowadays) in many instances most fallacious, b»niig fre¬ 
quently given by persons who have no means of ascioi'laininj-V 
the real rate or the real value of the clocks about wlihdi 
they testify, and who are quite incompetent to form an uct- 
curate judgment of the construction of a cltifdc. 
opposite instances occur to me, as illustrations of the vuhns 
of testimonials of this sort. I liave seen a print(!il Io.h- 
timonial about a clock, to the effect that it had not vtuntul 
five minutes in several months. Now such a tostimouinl 
is not worth five farthings; for it may have meant, (fitlwiv 
that the clock had a steady gaining or losing rat (3 of L\\'o 
or three seconds a day, which amounted in several nioiiLluj 
to five minutes; or that it was never more than, t^ro iniiiulds 
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l-oo slow or tliroc minutes loo lastj or (wliat was probably 
the fact) something between tlie two: in the first case iliu 
(iloek was a very good ouej in tlic second case it was a 
-\Hny bad one j and in llic third it may have been anything 
beiwoeii tlujse in'o extremes. On the other hand; T heard 
of a clf.rgyiiian in London being asked the character of a 
clock that liiul been made for his church by an eminent 
Tiiakcrj and lie replied that it went very ill t this came to 
i he ears of tlio person most hilcrcstcd in the mattevj who 
lioin Ilia own or his men's periodical observation of it 
Ihouglit it (h^sei'ved a much better charncter, and he re- 
quested tlie olcrgyman to inform hiiu by what standaixl of 
time he was in the habit of trying it; mul he replied, 'by 
the clock of the principal church of tlie parish/ And it 
being thought by those who had made the origiiml 
inquiry that the docks of chapels of ease are not bound 
by oodcsiastieal obedience to Die mother church, and other 
iiifpiirics proving satisfactory, the maker of the contii- 
macions clock was employed upon tlie business in question. 
I can give om! liint on this subject which may bo useful, 
vi/,! tliiit any tcstimcmial about the going of n clock for 
{50 many months ought to extend from winter to summer, 
or it in of no real value. 

JOL. With regard to clocks of what ho called ihc 
w'concl degree of excellence, or, as wo may for convenience, 
call them, village docks, there is of course, not quite tlie. 
siuiKi iieeeKsity for i-autiou as to the iidmission of can¬ 
didates. At the same time nothing can bo ivorse Lliaii 
tlie coinmon practice of cluirohwavdims, government olllees, 
and public boflie.9, of issuing a notice that a clock is re- 
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quired to slio^ time on a face of such a size, and to strike 
on a bell of such a weight, to go eight days, all the wlicola 
to be of the best brass, and several other best things, and 
that tenders must be sent in by 13 o’clock on such a day, 
the only condition tliey seem to consider of irai)ortanoo. 
I said notliing can be worse j but I believe there is on(5 
other worse method, which I lately heard of being adopted 
by a certain town council, who after spending several 
thousand pounds on new markets, naturally thought that a 
small clock on the building would be useful to those wlio 
frequent it: go to some respectable malcer and ask what h(} 
Avill make tho clock for; then take liis estimate about to 
other persons and inquire for how muoli less they will do 
it. In tliis way you may make sure of getting a clock 30 
per cent, choapoi’ aud 50 per cent, worso than the original 
estimate. 

As an illustration of the results of tho system of ten¬ 
dering vdthout a detailed specification, I may bo allowed to 
relate an anecdote in which I was accidentally concerned 
not long ago. I was staying at a placo where tho in- 
liabitants were about to put up a chui’ch clock; and it 
being known to the clergyman that I took some interest in 
such things, I was requested to attend, as a sort of as¬ 
sessor, at a parish meeting at wliioh the solociion of tlio 
maker was to be determined. They had received six or 
seven tenders, varying in amount from £G0 to 100 guhieaH; 
and it appeared that several of those who had sent in 
tenders also proposed to tender themselves to give any in¬ 
formation that miglit be required by tho meeting. 'J.’ho 
parishioners said they did not know what information to 
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ask for; all the candidates offered to make the ]3est pos¬ 
sible clock, and several of them had scut testimonials 
equally good as to their capability. It apjjcnrod therefore 
that tlio only way in "wliicli I could help them was to en¬ 
deavour to a.scGrtain from the clockmokers who were in 
alleiidaiice what kind of clock they really intended, and 
were abhi to make. The result was (as I afterwards 
hoard) that two of the candidates, who were prepared fur 
an examination by the vestry, declined the oxaminatiou b;y 
their assessor j and also that I liad no cliiTiculty in deciding 
that the intondtjd clock of ouo of tlic two who did appear 
^vould be dear at any price, and in selecting anothei’ as 
compotout to do the work, and intending to do it in sucli 
ft manner ns would bo creditable to liimsclf and satisfactory 
to those who had to pay for itj and he agreed to make it 
according to certain conditions wliicli I was lo furnish him 
with. I have lately had an opportmiity of seeing llui 
clock, and I was glad to find my selection justified by the 
result. Of course I do not mean lo say that soino of the 
other makers who sent in tenders, hut did not come to tlui 
place, might not have done it just asweU; but I redalc 
this anecdote to sliow that out of six or seven persons wlm 
all professed to make a clock with everything of tlic best 
quality, there were at least tiireo who were cither not abh; 
or did not intend to do what they promised, and yet were 
just as likely in the common course of things to have been 
employed, as the person who was employed; in fact more 
likely, because liis tender was very nearly tlic liiglicst. 

The truth is tliat tlio persona who prepare what they 
call the S 2 )cdJioaUo)i for a public clock generally do not 
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know any more than any man in the street M’hat they 
really want, or ouglit to want: they know tlie remit tlnsy 
want, if they have a bell or a clock face ready nmclo, but 
iiotliiiig more. And it is quite a mistake to impnto cli.s- 
honesty to any clockmaker, merely because he scucla in 
either a very high tender or a very low one; for until tlicy 
are examined by some competent peuson, there is no means 
of knowing whether the clock which each of them 
is not really a fair clock to make for the money he asks j 
and one is just as much in conformity u'ith the speeiliea- 
tiou, which specifies nothing, ns tlie other. And thi? pratj- 
tical result is, that the best makers will not tnko the 
trorible to tender, as they are sui'C to be underbid. Every 
now and then the architect tries his liand at the ol(3ok apo- 
eifleation. But even architects are not ojnnisciont. I havo 
seen n specification—and a second explanatory speciAontioii 
too—fuiniishcd sometime ago by an eminent architect for an 
important public clpck, which, if it had been jninted insteiul 
of shown to me in manuscript, I u'ould have copied hero, 
not the least by way of any reflection on the gentlcmim who 
wrote it, but by way of sliowing how necessary it is tliivf. 
the public should resort to some better way of scouring a 
good clock, tlian putting it into the liands of the arcdiitcot. 

192. Still the question remains, how are people in 
ordinary eiremustanees, who want ns good a clock as pos¬ 
sible for the money they cmi afford, to proceed to obtain it. 
If the clock is really intended to bo a first-rate publio time¬ 
keeper, such ns all large towns ought to have, I havi) 
already mentioned wliat appears to be the only safe way of 
obtaining it. And I may add, that I behove there arc few 
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towns ill tlie kingclom of lO^OOO peoplCj in wliicli thcvo 
arc not to bo scon a imiiilior of clocks on difPoi'ont public 
buildings, wliicli, even ivlien llicy do not sill sot up for 
tlieniselvcSj only keep among tliem a sort of couvcntioiial 
time, quite distinct from any of tlic known descriptions of 
time, sidereal, solai*, or mi'an, Greenwich, or local time. 
And the money .spent on all iliosc bad clocks would have 
sufficed to procure one as good as can be made, and strik¬ 
ing so as to be heard all over the town, and from wliicli 
any number of comparatively cheap dials (or silent clocks) 
might he daily regulated, if necessary. Iiuleed ii slundd 
bo lomombc'recl more frequently than it is, tliat llio Hriking 
of a public clock is what people really go by, and sot their 
own clocks by, There are many places in which it would 
bo better, both on aocount of the arehitecluro of the cluiroh 
where the bells arc, and its position, to put a striking 
clock without any oxlornnl face (whioli moreover gives it 
considorablo advantages in’ going) in the olumih, and to 
put a large dial in some other more conspicuous part of tlni 
town. Peterborough and Lichlield cnlhedvalR, and several 
Imiidsomo .churches which 1 could mention, lire not defaced 
with visible dials, there bciing no suflieiontly largo space of 
blank ivnll on tlie bell towers on which dials could be 
placed. And the money that dials would cost, including 
the extra worlc tln^y frequently I'cquiro in the clock, may be 
mueh more prolitably spent upon cfuartcrs, wliiclv ouglifc to 
be more frequent than tlujy are. 

* 103. It appears to mo that where the cliurobwardens 
have no beiU'r- mean? of obtaining assistance, I may pos- 
sibly make this book worth the two shilling,s it will (lust 
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them, if I conclude it witli some hints tus to tho conditions 
or terms wliicli they ought to require those who send in 
tenders for a clock to observe or to specify; malcing them 
in fact, or such of them as may bo finally adopted, a portion 
of tlie contract with the clockmakci’, and also uilbrding tho 
means of comparing one tender with another. And the 
maker may be required to submit to the judgment of some 
person conversant noth machinery, ivhethcr the conditions 
have been properly observed, before lie is paid. 

On the subject of the pendulum, and indeed on all 
other matters here mentioned, I must refer to my re¬ 
marks in tho earlier pni’t of this cliaptor. As it is a mero 
question of money wlicthcr the pcndnluin should bo 
compensated or not, the purchasers must' determine it 
for themselves, If the pendulum is as much as 8 feet 
long (which nearly every jdaco will admit of), the bob 
should not be leas than IJ ewt; and a 14 feet wooden 
pendulum may as easily have a bob of 2 or 3 ewt. as a 
lighter one, as there me no compensation tubes. A Kino 
compensation tube should bo requhed to be made ns de¬ 
scribed in § 132, at least until some method is found of 
rolling zinc tubes thick and solid enough for this purpose. 

If the pendulum is not compensated it must be of 
wood, either deal or mahogany, straight in the grain, and 
well varnished, and of tlic tliickncss before minitioncd (sec 
§ 133 and the following ones). 

The escapement to be wliat is technically called half¬ 
dead (38), and the pin-wheel (^capement (40) to be pre¬ 
ferred. 

The fi'ame to be of cast iron, the maker to state of what 
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thiclciiess, and also tlic gcueral construction and size of it: 
it being an express condition that the main body of it 
should never require taking to pieces for cleaning the clock 
when once fixed (130). 

State how many days the clock is to go^ and whether 
each train is to have three or four wheclSj with reference 
to tlio ciroinnslances mentioned in § 189, &c. In all cases 
a three wheeled train to bo preferred, and the strilcing is 
to be from the great wheel, especially in large clocks, 
nnlcsfl for some special reason it is impossible j and do- 
Bcribo the cams or pins and lover arrangements. 

The pallets, and all the wlieols, except the great ones, 
in eiioli train are to take out separately } or it will be suf- 
ilcioiit with riispcct to the wheels next above the great 
wheels if their bushes lake out so that the wheels and 
pivots can bo cleaned. 

The barrels to bo of strong sheet iron brazed together, 
and, if jiossible, of sucli a size that all the available fall can 
be used for the weights hung by n double line only: if 
however this would make the barrels smaller than four 
inches ill diametiir ftir a small cloelc, and five for a large 
one, there may bo three lines.* 

The number of leaves in all tho pinions to bo stated, 
and of course high mimbors to bo preferred, except that if 
lantern pinions with steel pins tiro used, the numbers may 
bo one-tliird less than those of Icavod pinions. Tlio groat 
wheel of the going part should not have to drive fewer 

* It must lio I'oiuoiaherotl that Iho diamctui’ of tlio barrels must 
bo less tlmu Umt wliicli appears liy calculation to produce a certain 
fall, by aiL uinouut equal to the thioknoas of the rope. 
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than 16 leaveS; and the higlier Mdieels in tlie train ]2. If 
tlie striking is done by the second wheel, its pinion should 
not have less than 16 or 18 leaves; if not, 10 or even D 
leaves will do. 

Tlie size and thickness of the great Avheols to be stated, 
and the size and nnmber of teeth or pins of the scape-whool. 
If the great wheels turn in three ,or foui’ hours a foot 
in diameter is enougli in almost any ease for the going 
great wheel, and 14 for the striking groat wheel, each being 
about an inch thick. If they Im-n sloiver, they must 
be larger, in proportion, for large clocks. 

State whether you intend to use brass or gun-mctal i if 
brass, all the wheels to be hardened by hammering. 

State what kind of maintaining jiowcr yon intend to 
ajiply, the preference being given to Hai'J'isons’s going 
ratclictt, unless the bolt and shutter is made as described in 
§ 159. 

State the size of the bevelled wliecls in the leading-off 
work, if any; no rule can be laid down for them, but tlioy 
ought to be from about live to nine inches in diamcicr, 
according to the size and number of the dials; those 1)0- 
loiigiiig to each dial (if more than one) need not be so ihiolf 
as those that work the whole: sec § 149. These wheels 
may be of cast iron. 

All the wheels and pinions of the dial work to be of 
brass, to prevent rusting. In all oilier parts of the clock 
the pinions to be of steel (not iron ease-hardened) (15S), mul 
the jhvots also. 

Describe the dial you propose, if it is not already pro¬ 
vided; the hands to be as described in § 155. 
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If there are quarters on two bells, the striking wheel to 
bo like that of the hour, with pins or cams alternately on 
each side; and in both parts the levers are no6 to have their 
axis between the striking pin and the wire (1^7). If the 
quarters arc on four bells, see § lOH. State wliellicr the hour 
is to be let oil'by the quarters or the going purl; the latter 
in very aecnrate clocks is the best, but requircis rather more 
force in the going part. 

Tlic hammer-shanks and tails, and cranks, to be 18 
inches long at least, where the position of the hells allow it j 
mid us few cranks as possible to be used, and all the pivots 
to have brass bushes. 

State the woiglit and rise of the hammerdioad from the 
boll, and tho weight luul fall of the striking weight with 
which you intend to obtain that rise (105). 

Tliere must bo an internal regulating diid for miiiutcB, 
ndjustable by some such inotliod aa described in § 160, 
ueoording to the si/e of the cloolc; and either a small hand, 
or a visible mark on the scape-wheel witli a lixod index, to 
examine the going of the clock.to seconds, if it is intended 
to be a very good one. Tlio regulating dial to be visible (if 
desired) through a glass in l.he clook-cnsc. 

Tho whole to be enclosed in a wooden case, which can 
1)0 o])cncd on nil sides, but looks up securely, leaving the 
winding holes opon,’’^* so that tho clock can bo wound witli- 
out opening the case. Tho pendulum also to bo eucIo.scd, 

* Ill rcgiikloi's (liouso clocks) tlio winding holes avo fiequcnlly 
mndo ill llio glass, with biiiss caps, sc Hint llio case iiovor I'erpiii'cs < o 
1)0 opened, and inoreovei’ servants can tlion safely be loft to wind up 
tho clock without tho possibility of Ihoir meddling with tho Imuls. 
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and where it is in a light place, a glass may Ijc placed near 
the bottoni to see the degree plate throngli. The weights, 
if required, to be boxed off for safety, and jn-ovisions to pre¬ 
vent accidents to be made where necessary (184). 

On llie other hand, the clockmakci* may fairly demand, 
in order that justice may be done to his clock when it 
is made, that the chamber in which it stands sluill if 
possible bo made so light that a candle shall nc^'cr bs 
required to examine the clock in the day time; otherwise 
the clock uill never bopro])crly cleaned. 

And it is equally due to tlio maker of a good clock, as 
well as for the interest of those to whom the clod; belongs, 
that a competent person should bo employed to examine and 
clean it periodically; who vnW probably 7iof> be the person 
who -imdertakcs to do it for the least money. Some of the 
readers of this book uiU know of a town ■which had to pay 
rather dearly for putting its church dock into tlio hands of 
a cheap and ignorant contractor; for having to do some¬ 
thing to tile hammer, be left it strilcing with its odgo instead 
of its face, and thereby cracked a very fmo bdl of 80 cwL. 

I do not propose the above conditions as perfect, or ns 
necessary to be imposed upon clockmakcrs who from tlieir 
known character can bo trusted to do udtiumt. Jlut I 
believe that few such clockmakcrs would dcsiro to make 
any material alteration in them, as they by no means restrict 
them to any particular pattern of dock, and aro in a great 
mensui'o adopted from the practico of the best makers. And 
I have no doubt tlrnt such makers would rcjoico to soo 
some such test applied to ihemsdves and thoir eompotitors, 
as it would certainly tend to exclude from oiu’ dmrclics and 
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Imililiiif'ii iimiiy pii'iTH iiF iimnliiiHiiy, wliioli not only 
nn- a l<i llu'iUj Inii ulm tllHnoHTnmi uU nlUvnpli to 

iiiiprovr \ hr iirt; niiirr n» cino will |{o on Hpinding IiIb time 
rtnil lO'HMy ill loiilrivlmr mul niakiiif^ iiiilirovwl mnoliina 
n-liirli iirr Jn hr njrrhil Titr old ruHliioiic<l ninl jjoodfor 
ni>tlui>|7 iirlirlt'H loiiili' nt Hiniirwhiit kiiuiIIit mwU 

I t.htill hi' ('1ml if thw. Urn only J'IiikIIhIi iMuikontht' 
niintnirlitiiior l’iihlii:(1o(‘|{ii,iliii‘K iniyUiiiifjlownnls niniiig 
(III* rlniriii’lri' of ii iiinrliinr, wliirh, iiiiUillwlnni1inf{ iU go* 
iirnil unil iiii|iorliiiil Uh liron htningoly loCl Indmul in 
(hr |irii|'rri!i uf iiirrhttiiirnl iiii|iroVi‘iiM<iit; und vllidil, not 
Hilly ill ilM hiidoi-y liiil in ilx o«-ii iliirulion, donniKitii tho 
|in'! ru( nidi dir pii^l more (Imn uiiy olhrr iiwlriimi'Tit in 
toil'! II uiiiriiiiir Ilf nhirit il hiiM hri'ii luijipily mid,*'tliom 
in III! (hml diiiiir I'll liko n liviii|' iliiiig nn ii olorkdidibv- 
nilrly prrforiiiing (in ii]i|i<iiiilHl vork liy diiy niid hy iiighl, 
nidi rti'iirrrly miy iii(t'rrii|ilinii (hiring llin liipni of nmiiy 
I'riirrHlioiiK of iiirii, rritiiiidiiig diniii nil of (linir own jnw* 
iiig iiwiiy, mill of (hr (irriiHl wlirii Mlin gnmt (ilonk of Tiino 
nill hiivii run donii for over.' 

* In ''l1ii'i>l<ll'lkiiirIi(.'|iK>l,'hyilmJ(fv. It, I^rkliudii,donouuf 
MniH'linlrr, n I'h'iniiiK littir Iniiik, lull lint iiii ckickiiliking. 
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MR. WEAIE'S NEW SERIES OF RUDIMENTARV WORKS 
FOR BEGINNERS. 

Hr. WraIiB Ima prepiiml for publication, in a neat niwl couveniout eizo, a 
Series of original and tisuM Volumes, by tlio most esteemed writers, forming 
n Ilmliincntary Oourso for tlio easy coiiipTelionBioii of Elic leading principles 
of various Sciences. 

It 1ms buen remurked tlint tlioso who are in tlio ship of Science ought 
to roineiubor that tho disciples cannot arrive without tlio aid of boats." 
Popular treatises ore to Scienco what bouts nro to largo ships; they assist 
pcoplo ill getting aboard; but ns no oiiu would trust liimaelf to a weak or, 
mcmolcnt boat, so no ono ought to login tho situly of t'cionco with an' 
impoiTcot giiiilu. It somatimea happens that popiihit* tronlisci arc nmdo to 
appear easy by tho omiaslon of those very dotnlla wliioli nto moat ossoitiinl to 
bo known i thoy state rcsiilts without going thrmigli tho nccossary procesAos 
by which thoso roatilts nro gained i llicy deal largely iiv facts, and Icavo 
prinoiplcs untmiohcd. 

'I'lio only niothod of avoiding this on'or is to confido to mon, wlio nro 
innators of their rospcctivo subjects, tho task of {Imwiiig up Popiilnr Intro* 
duoUons to tho sovonil brnnohes of Kcionco. Tho rublialior tviislB that tho 
following list of names will bo a sufilelout gniirnntoo to tho I'ubtlo that whnt 
ho proposes to attempt in thn caiiso of ropnlnr Iiistniotlon will bo dono well, 
and that three liltio treatises will fully nnswer tlio piuposo for which thoy 
are inteiulcd, namely, to bocuino couvonicnl and iicciirnlo Quide-liooks In 
Govornmotil niul other Schools, iiud in I’npulnr Iiibtitiitioiis goncrnlly, wliilo 
thoir low price will plnco them within tho micli of nil classes onniing thoir 
daily bread, to innoy of whom a knowloilgo uf the olumeiits of Science is a 
positive gain in tho common pursuits uf life, ns well ns n menus of winning 
from gross tastes, and presenting to the mind nublo iiinl worthy objects of 
study. 

Tho First Series is comprised in Fifteen Voltitnes, sovonil of which are 
amply illustrated, price 15». complotn in demy 12mo, each neatly bound in 
cloth; and, for the convonionco of piirchnRers, tho suvoral Hubjcols nro 
published separately at tho following pricoB i— 

t'ol Vrtco. 

lluiiiMiiNTAuy CuKMiRTiiy, by I’rnfcMor b'owncs, IMl.H., Ajc., tlilul 
cilltlon, iiiut on Aouimn.TunAi. (:iiii.MisTHv, fur tlio 

nso of l''iirmnrs. 11*. 

-N.fTonAi. I’irri.osoi'iiVi by elms. TmiiElnsim . . , fi If. 

-——-(luoi.odv, by I.lent.-Col. Port lock, It, M., l''.ll,.s,|l''.(l,!j,,&OMi If. 

---MiNionAi,cioY, by 1), Vitrley, AuiJuir of " Couvcronilons 

on Mineralogy,"accdiulcilltivii, vul.i.4 If. 

. -- - . ■• veil ii.0 If. 

----MiEuiiAtrHiHi by dims Tonillnsdn.(1 If, 

I -MoKoinimry,hy Kir Wm..Siuiw Harris, IMl.K., &c. . 7 If. 

--PNiEitMA'i'ien, by (Mitis, ‘IVinllnson.II If. 

--—.('ivii. HMiiKKKitiNa, liy lloury I.uw, C.M., vol. I. . .11 If. 

...---vul.H. . . lU If. 



S "Mr. Wcale'8 Now Scries of Rudimentary Works, 


. Vol. Pi-ire- 

HoniMBNTAiiY AROiiiTECTimB (Orders), by W. H. I.eoas, Enq. . . )i jy, 

-Ditto (Styles—tlioir several examples), by Tnibot Iliiry, 

Archt.. r.I.D.A.. U. 

— PniNCiPfcRs OK DiSHiON IN AiioiiiTKCTUiiis, by E. Lacy 

GaTbott, Archt.. 1«. 

-- - — I’ERHPKCTivK, by Oco, Pyiio, Artist, Author of " Prac¬ 
tical Rules In Drawing for the Oporntlvo Huildor ami 
Young istudont In Archltcolure,’’ vol. 1. second edition. U 
- Ditto, vol. II. second edition.in 'U-, 


SZiCOND ssnxss OF RirDXXVXBZfVARY WOniCS FOR 

B&aiNN’sns. 

Yv'itli Engravings to each (oxcopting two) nt Is. por Vohimo, or IBs. tho sot 
of 16 Volumes comploto, eaoli neatly bound in cloth, separntoly. 

I’ol. P, fiv. 

IliiDiwBNTAnv Art ok Buii.dino, by E. Dolison, (!.E., Assoc.Inst. CiE„ 

Author of " Hallways of Hulgiiim ’■ ... 1 l«. 

-nuiCK-nAKiNO, Tii.b-makino, by tho saino .a i •, 

-Masonry AND Stonk-outttnu, by tliosamo . a h, 

llbietr.itlous of tho preeuding. In 4to, 


Atlas sire, 1.1 plates ..... 

- IlouMii Paintino Ann Mixini) Coi.ouub, by 

Oonrgo Field, Esq. 

Draininq Dihtuiots ani> Lanrh, by G. Drys. 

dale Dcinpsoy, C.E. 

ANn tinwAnu ov Towns and Uuir,u. 


iNosi by 0. Drysdalo Dumpseyi U.M. . 

-WriiIc-rikkiho and 1IUIUN3, by Jolin Uourgo 

Swindoll, ArchUcot. 

—— Ugh op iNhTituMHNTii (sonorally), by I, F. I lo.Hlicr, 
M.A.i of tho lloyal Mllllnry Aondemy, WnoIwU'li, 
—— CoNhTRtioTiNo OuANKH, !\)r tliu iCrocilon of 
liulldlnas and for Ilolstmj] Goods, by Juiopli 
Glynn,iMl.8.,C.E. . . ... *. 

‘TniiATiaR ON TiiH UTKAM-ENfliNM, by Df. Lnrdiior, 
Li.iDi I IPrhfcn i/icta HU'Hincnlaiv voliinicr) 

- Art OK IlLABTINO UnCKS AND QllAllliyiNU. AND ON 
Stokx, by Malor-Gon. Ulr John lliirgoyiio, K.t'ill., 

R.E„ AcCi, dec. 

’Dictionary ok Thumb used by ArohUccts. lliilldors, 
civil and Mecbnnlcal Knghiecra. Arllsta, Slup-bulldors, 

and the several connecting Arts, vo). 1.la 

-vol. li.M 

- vol. Ill.15 


1 % 

l«. 


7 !». 

ri Is. 

I) i«. 


Is. 

ts. 


IS Is. 


llT. 

iftm 


MATHEMATICAL SCIENCE. 


FRZBD BBnXBS OF nVBHVXaDTTARY WOnas FOR. 
■BBOXIfNSRB. 

The two Scries of Rtuliinontary Works, for tho nso of Iloginnors, publiBlictl 
by Jons Wbali? (of whicb I’rospeoUisos luivo boon o.xtonaivcly issued), Imvu 
tenlisod the anticipated success from tluit jiorlion of tlio public wlio scok ihir 
attainment of tboso objects of Scionco wbioh belong to tho businesa of lift?, 
and the highest and most usofii! subjects in tlio Elomonta of Art mul Hcioiici). 
Pursuing the anino path, to render fuvthor aid to publio inslruetion, mnl to 
direct tho attention of tlio Ileads and Prbioipula of the sovoral Oollcgus (inci 





Mr. D^cfl^e’s New Series of Hudimcntary Works. 




Sobnola of tlio United Kiiif^dom, and tho Royal Militovy Academics, to tlios 
eeriiil works, it is intended to publish ui Elementary Course of Mathomnti{% 
for tlio use of Uejjiimera, in 16 volumes, at 1*. cacli volume. 

It has been oljservcd by Donnycastle, in the Prefnee to liis ndmirnblo 
Eloniontary Work on AlKchm, that “ IWks of Iluillnionts, concisely 
wi'ittoii, well dii'cstcd, and methodically nrmiigcd, nro treasures of inus- 
titnal)Ia value, and too many attempts cannot be mndo to render them 
perfect nnd eomplclfl," 

To carry out tliia now Series successfully and niotlioilienlly, fbo most 
eminent men in scliolustic crudirion and oloincntncy instruction have been 
selected, under tho able ninnniteincnt and editing of Jlr. Jahiiis Hank, iila- 
tlieniatical JInstcrof Ifing'a t’oilege, Loiulvn, who, with tlio co operation of 
the following gentlemen, will produce u set of hooks that slinll be cilicient 
both for public nnd solf-inslruclion:— 

W. 'S. 1). tVOOIiUOlI.’ilO, IMl.A.S., Actuary of ilio NtiUonal Loan Fund, Author of 
aovcml Sclcnllilc Worhs. 

IlKNU Y LAW, Civil Itiiainm. Rilltor and Author of several Profcsaloim! Works, 
JAMRS lIAriDON, Avlllimcttenl and Kcouiul Mathcinstlcnl llasicr, iCInc's Colle^’c, 
London. 

TIiQ Subjoots are as fnllowB i 


Ki.K»iRNTAnv TliRATiSR ON AniTiisiKTic. With Nuincroiu Mntlieinnlionl 
nnd Coinnioreifll Ksnin|ilc» for Prncilec *iid Nclf-Examlnailon • 

A I'uAcviUAt, SVBTKM OR Uook-Kkkpinii, wltli Cimclsc Mi’des of Cn1> 
eiilndon, Fotmi of OommcrclAl nucuincnia iu ICnidiili. I'rcncb, ner* 
man, and linlinn, McrcantHo Pnrnsculniiy, Ate., a complotc 

iiiirndui'liim to the Couiuitin-tlouic. 


ref. 


Hi,KMu.sTAny Thkatinu on Awjimiiia 

— I’liiNoirLKB or OKv.ukrnv . 

- -- AHAt.VTIOAI. flKOMKTnV 

■■ 'rilUATISnOK Pl.ANNTRimiNO.MKVnV . 

bRIlKUIRAI. TlllOONOMKTUy 


. . ;i 

. . A 

. . fi 

. . fi 

. . 7 

Kf.KMHN'l’S ANO I’llAOTlOB OK MkNHUHATION ANI) tJBl.DKHV . . . tl 

TiiK WiiohK SvNTKM ui'l.iKiAiiiTiiMicT.tm.KS.fur licfcroiicD ondPtactlGen 

Kl.HMKKrAlIV TlIKATfSIl ON t’ni’III.An Abtiiomosiv .Ill 

I>niNOII’I.K8ANIll’llAOriCB«!'STATI€HANI»l»yNA»HC8 . . , . U 

TniioiiY AND J'liAorniK or Naiithiaj, Autiionouv ano NAViOAi-toN . la 
DiRKSiiKNiiAi, CAi.ou/.us.ln wMclillio rriiicipicswilltc clearly cliichhtcdld 
iNTKOiiAi. t!Af,oii/.UHi in whUli Iho I’cmclplwwIH wso bo clearly cliiclilulcd 14 
CoM.KCiriON OR KxAMI'UKBOR VHI»J>IRRURKNTIAI.ANDlNTK(»RAI. CAL- 
IIIII.UB ..l.'i 


Price, 

I/, 


Tho wliolo llluutrntod by mimorous 'Woodouty. 


'flic Set, Plftccn Volumes, ooeh neatly hound In lilfilrop'spurple clotli, price, cum* 
lilclci Ifw. 


FOURTH SBRXSS 


111 prepanthm, 

OF RVDXXVXSNTARY 

nxioxnrxtifBRB. 


VrORHB FOR 


UuiHMKKTARV TniiATlHi! OK CmTAiiH ilulMittm, m IIliitsfoT Improv* 
liiR the DweflliiKS of tho Labouring I’nor, by L'tinrlea 

llnico Allen, Areblim. 

------- Tiuini.AB llninncs. tliimim Jlnirioiis, 

Ac,, iiniro iMirileuinrIy tlie (lAiiway mid Itrlimuila 
llrldip'Si ilcsorlhliiK lliu Kxiicrlinenia mndu lo rtctenniiio 
llu'ir form, slrniuiii, anil ellk-lciiey, Kigrilicr with the 
louNtiiiclIun of liio same, lliu Aoatiiig end raining the 

tubes, Ac... . , . . 

----Aiiv OR M,tKiNii Fi>uNDATi»Nb,L'oN(iaiirK WunKSidrc,, 

by M. Dobjon, (l.K. ........ 


I’lif. Prlcfl. 


I U. 








2 Mr. WeaU's JVew SerUi of Budimentary Worlcs, 


v<j. r 

TlimniRNTAny AnoHiTKCTUns (Onlcn), bv W. H. I.cocU, ICar]. , , h 

.. Ditto {Stylci—tncly aevwM CKQinulci), by Talbot IliitVi 

Aroht,. P.I.D.A.. li* 

. PmNOtPLBB OP Dbsiqh IK AaoiiiTgOTUiiH, by R. bncv 

Onrbctlt Archt.. 

-PBnflPKQTiVK, by Qeo. Pyuo, Artist. Autlmr of " I'mc- 

ticnl Rulos li) Drawlun for tbo Opcrntivo llulUlcr nivl 
^'ounft tiluitcnt in Ar^lecturci'* vol. 1. second ciliCluii. I \ 

- -- ——.... Ditto, vol. H. second edlUou.lA ' 


BZSCONS SSXtXSB OF RtrDXMtBIfrAXtV -woRica 
BBUlNNBRa. 


^Vitll Engmvinga to each (excepting two) nt 1«. per Volumo, or 1 fis, tlio 
of 16 Voiumeg complote, cAoli nently bound in clotli, Bopnratoiy. 

iVf. i 

lluDt.MBNTAnv AiiT GV Iluti.DiNO, by B. DolMon, Assoo.Inst. U.Bi, 

Author of “ nnllways of Hclfiliim’’ ... 1 

- —. nnicit-MAKiKO, Tii.R-MAiciNO, by tbo satno . u 

-Mabohrv and Stonk-cuttiko, by tbo sntno . IJ 

-Illutiraliom of tlio prcccdliiR, In 4to, 

Atlas size, 13 plates . i 

- . ■ Kousk Paintino and Mixiho COI.OUIIH, by 

Ocorgo Field, Bs(|..A 

I .'I DnAiNiHO DisTAicTS AND LANDS, by 0. Drys- 

dAlo Dcinptoy, C.B.(1 

. 11.. . . . , — AND .SKIVAOB OP TOWNK AND 

IN03, by O. Drysdalo l)um]»oy, C.B. . . 7 

. -WRI.I.-8INKIHO AKu Rorini, by Joliii aooriio 

.Swindell, Archlicot.It 

. —' -U6ROPlNA'muMBNTaUcnern1ly},byI,F.llont>ii'ri 

M.A.,ortliolloyAlMlIUnry Aendomy, Woolwivii, I) 

- - -- -- — - CONSTRUOTINO CllANKH, fOT tllO KrCl’tlim tjf 

Uulldincs and for llolstiDR Goods, by Joioph 

Glynn,F.R.S..C.E.. . 10 

-Trfatisb on IKK Stkau-Bnoink, by Dr. t.nrdner, 

Ll,.T).{WrllUntpedaIli//<)rihtto ItuilbiiMitary II 

-Art op Ui.AeTiH0 Rocks and Quaiiuvino, and on 

Ktonr, by Mo)or-Gon. Sir John Uurgnyno, 1C.(Ml., 

R.B,, M., be. .li) 

—-UiCTlOMAnv OP Tkrus used by Arcliltccls, IhiDilcti, 

civil nnd Mcchnnirol Knftinccrs, Arllsis, Sblp-bullilutni 

and tiioseveinl conncctinit Arts, vol, 1.Ill 

-vol. II.M 

-vol. Ill, , . . . lA 


MATHEMATICAL SCIENClil. 


THIS,n S&nXBS of SUX>XMBXfXARY 'WOBXCB FC 
BBCINKTERB. 

Tun two Series of Iliidimentai^ Works, foe tUo iiso of Dcgiimcrs, piilili 
by Jonti WbaIiG (of wbich ProspectusesIinvo bocn oxtoiiBively iasurd), 
realised the anticipated success from that portion of tliu pulilio wlio seek 
uttninment of tlioso objects of Sclonco which beleiig to tlio buBinesiH of 
and tbo iiighost and most nscfnl subjects in tiio iiiloiunnts of Art anil Ncii 
Pursuing tlio same path, to render further nid to public iiistniutiuii, nil 
direct the nttentlon of the Heads and Princiimls of tlio sovonil Uulk'geti 




Mr. VFca^e’s Now Series of Eudimentary Works. 


Schnols of tlio United KiiiRdom, ond tho Royal Milittuy Acodemiea, to llies 
doriul works, it is intonded to publisli an Klcmontnvy Course of Mnthcmnticft 
for tlio use of Hopinnors, in 16 vohinics, nt I 5 . each volume. 

It hna been observed by Ilonnycastk*, in tlio Profiico to liia ndmirnblo 
lilomomnry Work on Alpobrn, that *' Hooka of Rudiments, concisely 
writtoii, well dipoated, nnd inetlindicnlly arranged, nro treasurea of iiiua- 
tinmblo value, and too many ntteinpta cannot bo mndo to render them 
perfect nnd comploto.’’ 

'i'o carry out this now Rories successfully and motliodicnlly, tlio most 
eminent 111011 in scliolnalic erudition and olomouinry iiiatriictioii have been 
Belcctcd. under tho able nmnupemciit nnd editing of 5lr. James IIasn, Mn- 
thcninticnl Muster of ICing'a College, Lniidon, who, with the co-operation of 
tho following gentlemen, will pvodiico a set nf bonka that aliall be efiicic-nt 
both for public and solf-inaU'uction :— 

W. S. », WOOMIOIISB, PMl.A.S., Actuary of tho Nalional l.oiiU Kimil, Aiitiinr of 
aovorni SeleiitlJlc Works. 

IlF.Nliy LAWi f’lvll BDRineer. Editor niul Author of sevcrnl Pnifesslniml Works. 
JAMIES IIADDON, Arltlimotlu.ll nnd Hccrnul MatliuinatlMl Master, Kino's (’ollcue, 
London. 

Tho Suhjeots arc as follows: 


EMttiHNTARV TiiRATisn ON AHtTiiMKTTO, with Nuinorous Mnllioinntlcnl 
and (,'nmmorolnl Kxiunploa for Pracibo niul Helf-E'tnmmntlun . , 

A ibtAOTiUAi, KysTUAi 01 ' noiiit-Kjirti’iHUi with CoTiclsD Mmiea of Cnl> 
riitatluiii Forma of Cnmmorolnl DncumoiilH, in ICiudlBiii Frcuohi tier* 
man, nnd llnlinni Morcnntilo Phrateology, Ate., rntinliiu n comnlote 

Introduction to tho Comilliig'Ilouao. 

t;r.»MKN’rAny Tiikatink on AuiuttiiA. 

... PtllNClI’MIB or OKOMKrliy. 

. ANAI^VTIOAIi OKOMRTIIV I . . , 


Vfl. 


TnKATlHll UK IMiAKK Tl«irU)NOMKTriV . 

KrilKlllOAl, Tukiohomiituv 


. . .1 

. . li 

Kl,HMHN’rB AKI) PlIAOTlOH oi''MKNHimATl(IN AKll tllSoLliSV . . . || 

TiiH Wiioi,» Kybthm or Luoauitiimio 'I'Aiirma, mr itcforoiice niul I'lnDtloo 11 

KoUMUNrAllV TUHATISI! OK Foi't/I'AII AUTltONOMY.. 

PulNOIUMtH AKtl PllAOVICK OP STATKIH AKn DvNAWICS . . , . II 

Till'-OllY AKI> I'HAOnOK OP NAUIICAI, AfiTIUlNtlSlV ANll NAVtOATlOM , lU 

Dipi'KHKK'riAi, t,'AT,cui.U8,ln wliicli tlio I’rlnelples will 1)0 clcntlyoUiehlntcd 13 

iNTKonAi, OaI/Oumir, In wtileli lliu Priiiclpk'flwlll nkobocIcnvlycliicliIntcdM 
CorOKOTION OP ExAMI'l-KBOP Till} DlPPlllUlNTJAI. ANU iNrJiOllAt. CaI.- 
... 


I'l'kc, 

If. 


Tho wholo lllustratod hy numorous Woodcuts. 


The .Sot, Fifteen Volumes, cnuli neatly bound In lilshon's luiriilo doth, price, com. 
plotc, Idr, 


In preimtalloii, 

FOUHTK SBZIXSB OT RUSXnXBKTTAnV WORKB FOR 

nsaxziTNiiRa. 

rii/p /'J’lrr. 

lluntMiiKTAiiv TiiRATiBB ON CoTTAtiH lluiMiiNn, ot llliilsfor Iniprov. 

iiiglhu nwcllliiAH Ilf tho Uliuiitliig I'oiir, tiy Clmtles 
Itruco Alien, Arehlim.1 It. 

- -1— -'i'luiiM.AH Itiiififii'a, (liniiim llmiiiiufi, 

A;c., mure imrtleulnrly Che (Imiway nnd llriliimila 
llrldges, dcserlliliig (lie Fxiiptlincnts inado In lietetmmo 
lliclr form, Blri'iiKth, nnd dlk'li'ni'y, logntlicr with tlin 
uoiistriictlim Ilf the siinie, tlio lloaling iiinl rniglnn tliu 
tiihesiAce.S Jv. 

,— -A nr oK MAifis'ii Fcidniiatiiinii, C'liNcnBTJfWonKS.&Ci, 

by K.OulbiJii, l!,E.;i is. 




2 Jl/f. Weale's IVeuj Series of Rudimentary Works, 


Vor. Prtra. 

noDiME.VTAnv AnoHiPKCTunB (Ordcrsl, by \V. II-I'Ccd*. Enii. . , |1 |«. 

-UiTTO (Styles—thoirsevotnl exnmiiles), by Tnlbot Hury, 

Aroht,, F.I.D.A.IS U. 

I , I PniNoiPLBS OP DiisiON’ IK AROiiiTEOTunG, by IS- Lacy 

Oarbett, Atclit.Id U. 

--— PBRaPKCTiVB, by Geo. Pyno, Artist, Awlbor of " Prac¬ 
tical Iluies in Drawing for the O)iointlvu llutlilor and 
Young Student in Architecture,” vol. 1. second edition. It U 
-- Ditto, vol. ii, second edition Id 


BZiCOKD SEUIBS OF BlTDXIVC&Ta-'VAXlY WORICS 
SSOIId'KrBRO. 


ron. 


Witli Engravings to each (excepting two) at Is. per Volnmo, or ICs. the 
of 16 Yolumes complete, edoii neatly bound in cloth, separately. 

I’d. I 

lluDiMBNTAnv Art op Buicdiko, by 13, Dobson, G.13., Asaoc.Inst. C.E., 

/Vutlior of'* llnilways of llclginm " ... I 

-DnicK-MAKiNO, Tii.K-MAKiKo, by llio somo . 2 

- . —— Masonky ako Stokb-cuttin(i, by the snino . 3 

Illustrations of tliu precrdlng, In 4to, 


sot 


Atlas size, 13 plates 
■ Housii Paintino and Mucinq Coi.uuua, by 

Oenrgo Klcld, Esq,. 

DnAiNiKO DiBTniCTS AND Lannh, by 0. Dzyg. 

dale Domiisoy, C.E. 

AKO tiiiwAOH ov Towns and Uuii,o* 


iKoa, by D. Drygdato Dompsoy, C.'.E. . 

' Wkm-'Binkino and lluitiN?, by Jolni (loorao 

Swindell, Arcliltoot.II 

'■ Ubkop iNh’fuuMRNTs (ROiiorallyJ,l)y L IMloatbor, 

M.A.infthoItoynlMUltaryAontlomy, Woalwiclii II 

—-CoNBTRtiOTiNO (liiANKRj llir llio lOrootlnn of 

lluildings and for Ilolstlnn Oiunts, by Joionh 
Qlynn,Ii’.U,S„C.K. , . . . , ‘. 10 

Trxatibii on tiik S’TKAM-DNniNU, by Dr. Lntdnor, 
LL-ti- lIWUmspecIrilly/orOieiii Uu(HmciU<\ri/ nohnm) U 
■Art OK ui,abtino Uookb and QUAunytNt), and on 
S ioNX, by M(Oor-Qon. Sir Jolm llurauyiio, K.C.ll,, 

R.E., no.i^c... . 12 

' Dictionary ok Thumb used by Architcctai lluliilcrs. 
Civil and Mechanlrnl ICngliiccra, ArtlaU, Slilp-bulldors. 

and the several connecting Arts, vnl. 1.13 

-vol.il.M 

---vol, 111.1C 


Is. 

U. 

li. 

I*. 

U. 

!«■ 

la, 

M. 

Is. 

U, 

U. 

Is. 

la. 

la. 

la. 


MATHEMATICAL SCIENCE. 


FHZRO SBRXB8 OF RUSXlVXBN'X'AXtY WORKS FOXt 
'BBCXUNSRS. 

The two Series of Rudimentary Works, for the use of Iloglimors, pnhiislicil 
by John Weale (of which Prospcotuacs liavo boon extonaively isBiied), tmvu 
realiflcd the anticipated succeas from that portion of tho public wiio suolt thu 
attainnionl of those objeota of Science which belong to the bueinesa of liTiv, 
and the highest and most useful subjects in tho Elcmonta of Art nml flcioiico. 
Pursuing the same path, to render furtboi' aid to niiblio inatruclioii, aiiil lo 
direct the attention of the Heads and Pi'incipnls of the sovoral Oolleges iintj 




3 


Mr. TKcfl/u's Nm Series of Hudimentary Works, 


Sclinnls of tlio lliiitdd Kinj{doii», and tlio Uoynl Militiiry AcndenuoB, to tlirs 
Doriiil it ifl iutmuii'd to puidiah an liloinoiitiiry Ootirso of Matlicniatict 
for tiui 1180 of Bi'KiiiUi'ie, in IR voiitniUH, nt each volumo. 

It Iiu 8 boon (liiHui'vod by llouiiyonstio, in tlio I’miiico to Ida ndiniralilo 
Ulomuniary Work on Alnolim, ilial “ Itooka of lliulliinmts, concisL-ly 
wi'iuoii, woll di|(('sti'd, and invihiuliinlly nrrniigeil, uro ti’i’aBuves of iiio 8 < 
tiiniiblo vnlui', and tun miiny nllomiita ennnut bo inndo to rondor tlioin 
jioib'Ct iiiid comidctit.'’ 

To entry out tida innv Hfrios Hiifunsafully and mothndicnlly, the moat 
umiiirnt iiion iii si'hnliHiic crmiilinu and olrmoiiinry iiistniotimi Iinvn bi'i'ii 
iiidoutod, iindiT tlio iililo iimnngomcnt niid oditiiig «f Mr. Ja.his Hahk, Mn- 
tliciniuiL'nl Miiator of Kiug'H Itollogf, Tioiidont who, with the cn opi'i'ntioii of 
tho following goiiili'umn, will prodiioo it art nf Wikfl Uiui alinll bo clllidioit 
Ijotli for inililic mid Hulfdiiiilniotion:—> 

\V. S. II. WOOl.llODSt;, IMl.A.S.i Avlimry of tlio Nntiuiial yiiuil. Author of 
lovprnl Si'IciilKlo WorhH. 

IIKNIIV l<A\V, t'lvll MiiidiU'ir, KiUtornioi Aiiiliorof lovi-ml I'rofoiiilniiiil World. 
JAMKK HADllONi Aililnnultv.d niiil Kccimil Maihviiiatk-.il Mnatcr. Kliitj’ii (h)IIi’j>r, 
l.oiulun. 

Tliti SubJaotH aro nB r«nowa i 

iVf. JVbe. 

KMiMHNTAiw TliRATinit ON AniTHMKrir. wlili Nuiiicxoni Mnliiumndcal 

mill CoMiiiiorchil l'!xiiin))li'i for I’rnrilecnnil Si-ir>Mxnuiiun|li)n . , I i/, 

A I’UAOI'IOAI. HvM'IIim 01' lloiiit-KCKi'i»o> wlih t'oiieilo Miiilct nf finl- 
niliitliiiii KoriiiH of (louniiurcltii llmuimoua In Kniillnh, I'rcnoli. (br- 
limn, nnd lliillniii Mirouullu I'htAM-ulogy, Ac., ronnlng n cgmiiLoin 

lotriidiU'liiiiitotnuCuiinliiiiflloiiiic.n 1>, 

KMiMliNrAiiY 'rniiArifii: on Ai.iimnu.. l.i. 

--—I'niNi'ii'i iiri oi> (iKoiinriiy.. ).. 

..——•• • ANAI.VTHUI. IlKOUBTUV . . . . fi (.. 

'i'llllATIHn ON I'UNi: Tiiinonomktiiv. <1 If, 

.—.. • hi'ioniiiMt.'I'niimNoricmv . . . . h. 

KMtJIHN fH ANII I'llAorilll! OK MyNWIBATHIN ANII tJlSnilKOV . . , l| |,. 

TilK WiMiMt NviifMM 01' l.oiMiiiTiiMio'l'Ani.KH.for llcforcncvnull I'tnuMco n !>. 

MMiMiiNTAiiY'I'liKAriHi! ON 1 ‘iimti.An AnrnoNowv ..... to i.., 

I'niNrimmn ANo I’nAtii'ioii or .statioh ANi» livNAMM’H . . . . ii i» 

'I'nimtlV ANII I'llAOTlOK OK NAtlTM AI. AlirUONoMY AMoNAVUUI'/O.N , 111 
llii'KijiiKMiAi. ('AiiriiMni.lii wlili-li ilio l'llM('l|>ll'•^Yl|| liorlcailyclublilntcd III u. 
iNrhOiiAi' (lAi.mir.tio, linvlihli lli.>' I'lliu-liniiiwIlInlwilH'i-lrArly vbivlilnitdll l^ 

(hll.MtIll'lON Ul' MAAMIO.KH ok TIINlln'YinillNTIAt.ANIlI.irittmAhCAL. 

... i(. 

Tito whole lllUHtmtod hy nnmorouB WoodontH. 

'I'lio Soil riflci'ii Volninci. cacli iiibIIv IhioihI In |llAli»|t'i|incjilu rlutli. lltUi’i coin* 

lili'li-. (Or. 


In |ii<’jiiirn(lnni 


FOUItTK 0X1RXXIB OP JlUDKW.BNTAnV WOniCU Pon 

sBOirfitrsiRa. 


ItnniMKNrAiiv Tmratiak on I'orrAoH lion 
lllll llu' |)SVll|||0)|il of liiv I. 

Hliii'i' Alli'il. AtohilHt. 

•• -.-.'I'l'ioiiAit lliiiioira, (iiniiHii ItuininiNi 

linin' |iAM<>’iiliiily tlio t'oiiWAy mol llrlUniila 
llrhli;. 1, ili'witlilnir iliu KxiH-rlininiA iiiiulolii dKorinnio 
(loir fiinoi aiti’iiirni. niiil •'Hli-lt'm'y. liih*i'lli(ir wllli Iliu 
ninitiiiL’iiiiii of ilio Mini', tlw lioAUiig iiitil rnlalnn llii> 
tnlii'n, Ai'. 

— - ..Ain 01' M IlilMI t-'ollNUAIKINHii'ilKniKli: WoiiKH.Ac.. 

Iiy K. Ihili.iiii, t'.M. 


■itlHu.or lUnlAfor Imiirov. 
iiliiititliiK I'onr, liy i.'lmriii 


I'l.f. 


1 


;i 


I'rlfi'. 


1 <. 


Jr. 
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Mr. Wcale's Now Sorioa of llucUmentary Works, 


RuniMKjjTAiiY AnoEiiTKOTUHB (Ortlora), by W. II. Leeds, Kfifi. , . V/' 

—-Di’jTo {Styles—tbcivsQVornl oxannilcs), by Tulbot Ilury, 

Arolu.. F.I.n.A.. 12 U. 

---Pkinoipi.bs op Dkbion in AuDiiiTucTUiiK, by R. I.ncy 

QMbott, Archt.i;i l». 

-PnitaPBoriVH, by Geo, Pyno, Artist, Auilinr of " Prne- 

tical Rules 111 Rrawlii); for the Oporntlvu Hiilldcr iiiul 
VouiiRStiulwit III Architecture,•' vol. I. sueond cdlihm. It 1a 
-——Ditto, vol. II, second edition in -Is, 


SacONA SBRISa OF BimXMBia'VAnY wonics FOR 
BBOXN3NrXinB. 

Yutli Engmvinns to each (oxcoptinR two) nt 1^, par Voluino, or IBs. the *«l 
of 16 VolumcB comploto, cColi neatly bouiiil in clotli, Bupariituly. 


IliiDiMBNTAHV AnT OP nuibniNO, by 10. Ilolison, (!.R., Asfloo.lnst. Cl.E., 
Author of “ llnllw.iys of Ileluliim " . 
-nillCIt-MAKINO, TU.K-MAKINO, by lllB SBIIIQ 

— -- Maronhy AND Stonk-outtinii, by tlio bauio 

---IlUistMtlons of the iireeedliiK, In 4lo, 

Atlas siso, 13 plates. 

-- IIoubh Paintino and Mixino Coi.oiiiia, by 

George Field, lOaq.. 

' - — DuAiNiNO Disthicj'S AND Landh, by G. Drya- 

dale Dempsey, (MO. 

--— , and SIIWAOK op TOWNH and IIUIM). 

iNOs, by G. DryKilato Dempsey, (MO. . , 

-- — ' — Whm.-sinrino and IIdeunq, by Jolm Ouorco 

Swltiilcll, Areliiicot. 

---lIoK op iNATiuiMicNTH (/joiiorally), by I. F. 1 leather, 

M.A.,of tholloyal Military Aoudcniy, Woolwieli. 

— ---— OoNSTniioTiNO CuANPH, for tint lOrciitlim of 

liiilldbms ami for llolstlnii Goods, hy Josoph 

Glynn, F.U.S.,C.I0.. 1 

-InKATiHR ON TiiK SiTPAM-rONniNit, by Df. Lardncf, 

LLiD. (HA'hloi ti>(icMli//i)r Ihcto Huillmetiliiiv vi./ioiicj) 

-Ana-OP IJl.ABTINO IIouKH and QUAUIIVINO, AND ON 

Stonk, by Major-Gon. .Sir Jolin llurHoyiie, K.t.Ml,, 

U.IC., NC., &c. .. 

-Dictionaiiy op Tkumh nsed by Arohiiects, Ihilldera, 

, Civil and Mechnuienl lOngincorB, ArlUls, Khlpdmlhlors, 

and the several coimcctbiii Arts, vol. 1. 

--- - ^-vol. II. 

-vol. Ill. 


MATHEMATICAI. SCIENCl!:. 


THZnD BFRIBS OF RUDIIWUNTARY WORICB FOR. 

BBOXNIorXIRS. 

Tub two Seriea of Ruilimonlary Worlca, for tho tiao of lic&Iniiors, piiMiiilipil 
by JoiiN WHAi,H (of which rroapcctiisea Imvo linon exteiiHivpIy iasiipil), hiivti 
renhaed tho anticipated aucccas from lliat portion of tlio inihlio wlui aeok tlui 
nttainmoiit of thoao objects of Scionco wliioh holoiitf to tho huBiiitsB of lifi., 
and tho iiifibeat and most iiBcful subjects in llm Uh'mtuils of Art niul Hciuiiccr- 
lurauing tho anine path, to rcmlor fiirihor niil to piihtio iiialmctioii, nnil to 
aii'cot tho attontioii of tho Heads and I’l'inclpala of tho aovmnl Uollegea titjJ 




Mr. lycfl^o’a New Series of Tludmentanj Works. 3 


Scbonla of tlio United Kingdom, and tbo Eoynl Jliiitavy Aendeinios, to tbo? 
serial works, it is intended to publish nii lilemontary Course of Muthomatiis 
for the USD of llDpinners, in 15 vobimea, nt 1«, each volume. 

It baa been observed liy lionnycastie, in tbo Preface to bis fldmirnblo 
Klcmetitnry Work on Algebra, that " Hooka of lludimonta, concisely- 
written, well digoatod, and inetliodicnlly nrrmigod, are trenaurea of iiiea- 
tiinablu value, ntul too many attempts cannot be made to reiidor them 
perfect and completo.” 

'I'o carry out this now Scries successfully and niotliodically, tho moat 
uiniiient men in scholastic enuUtion and olumcntary instruction liavo been 
Holeck'd, under tbo iiblo nmnageincnt and editing uf Mr, James IIann, Mn- 
iboiimticnl Master of King’s College, London, wlni, with tbo co-oponition of 
tlio following gentlemon, will produce .i set of books that aball be eilicient 
botli for public and solf-instniction ;— 

W. S. H. \Vt*()I,U()USI't, IMl.A.S., Aclunry of tho National l.onii Fund, Author of 
several Seleiitiflc Works. 

IIFNllY I.AW, Civil ICiifiineor, ICdltnr nnd Author of several I’rofcsalniitil Works. 
JAMKS IIADOON, Arltlimotlcnl nnil Second Mathematical Master, King’s Calle/ic, 
London. 

Tlio Subjoots aro aa follows g 


K/.kmbntarv TitBATisH OM AniTUMBTic, with NiiincrouB Mntheniatlcnl 
and (^oiinmcreinl ICkainples for Fracili'c ami .keir.FBniniuation . . 1 

A I’UACTICAI, Sybtbm oi' llonicACKKi'iMO, with Uniiclso Mnilcs of Cal. 
rulatloHi Forms of Commercial DneiimeiU.t In ICniillsh, Fiench. Ocr- 
limn, anil llnllnn, Mercantile Phraseology, &:c., fonnhit; a complolo 

introduction to the Counting-House. 2 

Rlkjibntauv Tuuatisk on Ai.uiniii.v.;i 

____PniNCin.KB OI' (iKo.MKrnv.d 

--ANAi.vviCAf. OKn.MKrav . ... r. 

-TaKATisi! on 1 *i,ank TticooKOMK-rnv.ci 

-- .Si'IIKUIOAJ, TiiTOONOMI'.TIIV . . . . y 

Rl.K.MBNTB ANn PUAOTIUK 01' MBNSUnATIOH .VNJ) OKOUnSy ... II 
TiiK Wiionic Svfi-rKM or I.ohauitiimic TAiif.KS. for Uoforciicoand Ptnetiee H 

KMiMBnrAiiY TriKATisn ON Poi'ur.Aii AHTnoNo.My.in 

PniHCn>I.l !8 ANI> PnAOTIOK OF .STATICS ANI'IlVNASIICS . . . . U 

TllIiOKY AMI) PlIAOTIOn OF N AIITIOAI, ASTUIINOM Y ANI> NaVIOATIOM , ]3 
DiFFBuiiNTiAi, C'Ai.cuMia, In which the I’rincii'les will lie cle.arly elucidated J.l 
iNTKOnAi. Cai.cu/.uk, in wlilcli tho Prliidiileswlli also ho clearly cliiDidnlcil 1-1 
COM.KOTION OF KXAHFI.KO OF Till» DiFFKUKNTlAI, AND iNTBDAA 1 . CAI.- 

..L'l 


Price. 


Ir. 


i... 

I.'. 

I,-, 

U. 

h. 

l.v. 

U. 

li. 

U 


M. 

If. 


IT. 


Tho whole llIuHtratod by numoroua Woodouta. 

'I'lin Sot, Fifteen Vchimes, cacli neatly Imunil In Ulshop's purple cloth, ptUe, coin- 
plctc, Ith. 


FOUItTH BSnXBB 


In pro|i.Trntlnii, 

or nUBXMlBNTAnV 


'W’onuQ roa 


HuDiwKNTAnv THHATI9K OK CoTTAOH Iliiii.DiNO, or Hliils for Iiuprov. 

Iiigtiiu Dwellings of ilm Liihuutlng Poor, by Charles 
llruco Allen, Ari’liltect ....... 

--— ■riiiu'i.AU lliiinoKfii fhiiiiHi* IlninoKB, 

Arc., more iinrlleutiirly (he Conway nnd Ilriumnla 
Ilrldges, dcsurlliiiig Che lOxperlniiiiU made lo deicnniiio 
llirir form, ntreiiiiih, nnd elllelcni'y, (ogctlicr with tho 
eonsiriietldii of tbu Kniiic, tliu Hunting iiiul rnisliig the 

tiihr.s, >Vv. 

—-——AiiT OF Makikii Fouwdationh, (.'oNimuTnWouitB,&e., 

by K. Dohmii, C.L. 


I'lf. Pl'ifF, 


li. 


3#. 






Mr, Weale's Neio Series oj RucUviontary Worla. 


RULtSIENTAHV ThBATIBR ON MMRB, CAI.0AnK01I8 ('KMKNIH. MoilTAnfl, 
STUccoa, and Cokcrktk, by Oeo, R, Ilunielir f-.l'-- 

— - Aht OR Layino out and Makinh ok RoAna for Now 

and Old Cuunlilea, by 11. Lnwi •’•I’’- . . . . 

--—-TrJSATIBK on TitB CONhTUl'OTION OK I.IOltTIIOUSKB. 

more pnrUculfltly tlioac of Britain, by Ahii Htovciison, 

LL.B., P.n.S.E„ .. 

-niTTO, tlio Continuation of the sa'no sublcct ■ . 

----La\y of CoNinACTS for nil kinds of liulidinpa. for Km- 

ployora, Contrnctora, and Work\nun, by Pavld (iibbnin, 
Est]., Aiiilior of Treatiaca on the " Law of DiliipidiillcinB," 

and on the '• bnw of l'‘lxturos>" vbc. 

____Treatisb ON llvonAUi.rc Knoinkbuino, and on I'iin. 

NEi.MNo tliroiiiili various kinds of StratHi with I’lnlos, 
forming a third Vnl, of ilio Ktifllocerlng (mnleomiileling 
Hint subject), p'lbliahcd In the first Series . . , 

— -— i-ocoMO'iiVK Knoinkh. dfscrlbiiijt them 

on the Various Ilaliwnya for lUoir several nurpose.i, and 
their duty nud edleiency. by J. Scwoll, L.lc, . 

-——--- Mauinh Enoinkb anil SriSAji-lloATa, for 

Snitors aud Eniibioers. 

— -AllTOK Sim'BtiaDINO,'I’m: Kt-KMUNTAliy PlUNt'II'LKS, 

with Plates, by J. Penko, H. M. Naval Aruhilcct 

- — ——--TitH PiiAOTiOK, with Plates, by 

J. Peake, H. Mi Naval Arcliltuct. 

II -MAhTINO, MABT-MAXIN(I, AND 

RinoiKa OK .. 

■ -— HaiIiOu'h bKA'IlooKfl, Dircciluiii 

fbi SlffnnU, Plagt of nil MucUimo Nations • ■ , 


Also In propnrntlon, 

Tiv'rit SBRiss OF nunxmsN’VAitv wonics FOit 

saoxNKrBits. 


Vvft 

RuuiMSNTAny Trbatibb on Maonxtibm, ))y Sir 'IV. Snow Harris, 

P.n.y., Arc. 1 Is. 

———----CoNOlioi,ooy, J*c. (Fossils and Hliolls), 

Vol. 1. a lir. 

---——- ^ -- Conti niinlloii of the aamo 

SubjBctg, Vol. 2 ........ a Is, 

-EbKMKNTsoK Mbsio, with pialcsof lOxamnlcs, Vol, 1 . 4 |,t, 

-—-PaACTiCK OK Music, with Plates of Kxamnlcs. Vol. 2 , f. li. 

- iNBTUUtTIONONTilB PlANO-FnnTK.(J Ir. 

-Drsciiiitivr ClKosiKinv, AnnileiUo Hlihibiilldliin (text). 

Hy Ji P. llcnlhct, M.A.. . 7 Jr. 

-—---J-J- of Plates llluatrallvf 

(drawing-book), oblong Ro. By J, Peake. H.M. Nnv.il 

Arohit.a l». 

—*- - -:-—r- Applied toArcliltccliirodoxt)'. 

_By 1, F. Ilcalhor, M.A, .. . . . , p U 

(ilrnwlng-book). obloiiR 4ia'"lly'l! f! niwln'r,* 10 1», 

s.’jiTiirrT.Tss, 

“ “ —;-:-:— Atlas of Piuicg lllusimtlvo 

(diawliig.book),oblong 4to. By I. F. llcailier, M.A. . |s )r, 

, ^^ , - Applied to Mcelwiileal lOniil. 

ncormg(text). By I. IMIeatbor. M,A, . , . m i«. 

--7;—-- Allas of Pltdi's illuslmtlvo 

Jilrawitig-bnok), oblong 4to, By 1. F. lli'ailuT, M.A, . t,t is. 

■-DroTioNAuv OF TUB (loi,v BiiH.is, luhipicd for instruG- 

tne 1 opular use, with expliinutory and c.isv rcfinentn 
bynev.'j,n.rnge,M,A.,.Vo.,&o, . ' ““J' 

“bd insiruolivo Library of (tenoral Insitiii'llcni. iii 
76 Volumes, lilusiratcd by numerous ciiBrnvInna, for 31 , \a,: “ 'usiriiuioii, iii 




